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ABSTRACT

COMPLEXITY: A COGNITIVE BARRIER TO DEFENSE SYSTEMS ACQUISITION
MANAGEMENT

George H. Perino, Jr. Ph.D.

George Mason University, 1999

Dissertation Director: Dr. Thomas R. Gulledge

This research effort proceeded from the presumption thet complexity is a matter of
perspective; it resides within the observer, not the issue under investigation. It is the
observer’s inability to grasp the interplay of multiple factors and events that lead to the
perception that problems, issues or systems are “complex.” The researcher sought to find
answers to the following question: Are members of the defense systems acquisition
workforce prepared to meet the demands of complexity? Study participants included
highly schooled engineering- and management-oriented government employees
responsible for the acquisition and life-cycle support of large-scale socio-technical
defense systems costing billions of taxpayer dollars. These individuals were attending an
intensive 14-week course in systems acquisition management at the Defense Systems
Management College (DSMC). The college is considered to be the premier center for
learning about management principles and the Department of Defense systems

acquisition process.



Major findings from the researchwere as follows:

There was a predisposition for reductive reasoning and areliance on asimplistic

linear approach as a principal mode for manageria action.

There was a widespread difference of opinion concerning the capacity of human

learning powers relative to the scale of what isto be learned.

There was a widespread difference of opinion concerning whether the site of

complexity isintrinsic to a system under observation or resident in the mind of the

observer.
The major conclusion drawn from the research is that the prevailing strategy for systems
acquisition is Newtonian in its origin and linear in its essential characteristics. It
embodies analysis and control of observable outcomes and drives manageria attention
toward near-term time horizons. Such an approach may be appropriate for well-defined
mechanistic systems, but is inappropriate when attempting to manage acquisition
programs characterized by nondeterministic behavior. Successful management of the
defense systems acquisition process and its products requires a paradigm shift of major
proportion. Bringing about the transformation can be accomplished through
organizational change and curriculum redesign. The transformationwill be difficult so
long as systems acquisition management personnel fail to recognize that complexity is

endemic to the observer rather than an intrinsic system characteristic.



Key Words: complexity, cognitive barriers, cognitive blind-spots, cognitive overload,
demands of complexity, emergent systems, killer assumptions, linear thinking,
management, observer theory, problematic situations, problematique, public policy,
socio-technical systems, systems acquisition, systems science, systems theory, systems

thinking, technology.



Dissertation

Statement of the Problem

The nature of defense systems acquisition has undergone radical change during
the 1990s. The end of the cold war has led to extreme reductions in defense spending in
the United States and around the world. Downsizing of military forces and consolidation
of the defense industry here and abroad have significantly altered the structure of the
public and private sectors. These changes have been regularly reported on radio, on
television, and in print. Y et, some things remain unchanged and, to a large extent,
unrecognized. Real-world defense systems acquisition problems are non-deterministic in
their behavior.! Decisions concerning the acquisition process and its products can and do
result in unanticipated outcomes. Thisis true regarding problematic situations
encountered in implementing systems acquisition reform as well as in efforts to match
defense system capabilities with operational and support requirements. Defense systems
cost American taxpayers billions of dollars. These programs periodically undergo intense
media scrutiny and political debate. The resulting impact on individual acquisition

programs can be chaotic. Effective management of defense system acquisition under

1 A growing body of literature provides ample support for such a premise. See, for
example: Cambel (1993), De Greene (1993), Kidl (1994), and Waldrop (1992) for
contemporary thoughts by systems thinkers. See also Fenster (1999) for atelling example
of an acquisition management disaster within the Department of Defense.



these conditions clearly requires a high degree of technical, business, and political
acumen. But, it also requires an understanding of the demands that such complicating
factors place on managerial activities. The research reported herein was aimed at
investigating the extent to which individual s undergoing systems acquisition management
training within the Department of Defense are prepared to meet those demands?.
Relevance to Public Policy
The challenge facing acquisition managers in the Department of Defense is not

unique. It isreflective of the impact that technology has had on society at large. In
modern times, technology has been the catalyst for unprecedented speed and magnitude
of changes that quickly outstrip society’s ability to keep pace. Humanity’ s inability to
effectively manage socio-technical systems gone awry is readily apparent. The
confluence of technical, organizational, and personal perspectives when faced with
design and management of large-scale systems results in solutions marked by:

Overconfidence in current technical krowledge.

Failure to recognize interactions among system components that have been designed

relatively independently.

Failure to anticipate people problems and human responses in crises. (Mitroff &

Linstone, 1993.)

2 The Defense Acquisition Workforce Improvement Act (DAWAIA), Public Law 101-
510, Title 10 U.S.C., was enacted to improve the effectiveness of the personnel who
manage and implement defense acquisition programs. As part of the fiscal year 1991
Defense Authorization Act, it called for establishing an Acquisition Corps and
professionalizing the acquisition workforce through education, training, and work
experience.



There is good reason for the apparent inability to manage our large-scale systems, and
that reason can ultimately be traced to the information processing limitations of the
human cognitive apparatus (Waller, 1982). The inability of the human mind to process
more than afew bits of information simultaneously is well known. The concept of a basic
human memory unit or “chunk” was introduced by George A. Miller in his 1956 article
on the magical number seven. Herbert A. Simon, in his 1974 article in Science, suggested
that the number of chunks that could be held in the mind might be closer to five. John N.
Warfield wrote in 1988 that, when attempting to grasp interrelationships, the magical
number was more like three, plus or minus zero. It should come as no great surprise, then,
that modern man is mentally ill equipped to cope, unaided, with the challenges inherent
in large-scale socio-technical systems. The tendency is to under-conceptualize
interrelationships, thereby avoiding cognitive overload. Under-conceptualization results
in the insufficient understanding of problematic issues by any single individual or group
of individuals with all the unfortunate outcomes that result (Warfield, 1991.)

Research Context

Problematic Situations: A Matter of Scale

We are not concerned here with resolution of problems that can be categorized as
routine, those that require limited mental processing and whose outcome is readily
observable. Rather, we are interested in problems characterized by effects that are distant
from causes in time as well as in space—problems with few, if any, obvious trigger
points that can be used to produce significant and lasting change. Milan Zeleny (1977)
recognized the role of scale in what we will refer to herein as “problematic situations’

when he wrote that human systems management is not interdisciplinary or



multidisciplinary, it does not attempt to unify scientific disciplines, it transcends them.
Such is our view of complexity and the cognitive challenges it presentsin all forms of
human endeavor. Those challenges are of such scale that a trans-disciplinary paradigm is
required for effective problem resolution.

Complexity: A Matter of Perspective

As yet, there is no agreed-upon explicit definition of complexity, although there
are various operational descriptions (Cambel, 1993). This research effort proceeded from
the presumption that complexity in the defense systems acquisition process is a matter of
perspective; it resides within the observer, not the system under investigation. It is the
observer’s inability to grasp the interplay of multiple factors and events that lead to
“complex” problems, issues or systems. We believe there is strong support in the
literature for such a position and the need to make a clear distinction between use of the
word “complex” as an adjective and our focus on the word “complexity” asanoun. In
our view, complexity is aresult, not a cause of confusion regarding the system, situation
or issue under consideration.

The Role of the Observer

According to Fisher (1991), the first to emphasize the peculiar situation of the
observer was R. J. Boscovich in his “De Spatio et Tempore” written in 1758. In Fischer’s
words:. “Boscovich claimed that the observer can never observe the world as it is—only
the interface (or difference) between him and the world.” This notion of the observer’s
role was central to America's pre-eminent 19" century philosopher, Charles Sanders
Peirce who wrote about the triadic relationship between object and “interpretant” through

sign or symbol (Paynter, 1968; Hoopes, 1991.) The basic triadic act is naming—creating



a symbolic bridge between subject and object. It is the interpretant, the observer, who
constructs the bridge. Without an observer, there is no observation. It follows that if the
observer names the object, complexity isin the observer’s mind, not in the object under
investigation. Despite these early insights regarding the nature of complexity, the
philosophical bent growing out of the machine age resulted in an overshadowing
emphasis on objectivity and the deterministic, mechanistic, and reductionist perspective
of late 19" and early 20" century science.

The ideas of Boscovich and Peirce regarding the role of the observer resurfaced
with the emergence of systems science following World War I1. Herbert A. Simon (1962)
may have planted seeds of semantic confusion when he wrote his now classic article on
the architecture of complexity. The central thrust of the article makes the point that
systems are hierarchical, but the reader is left with the impression that such systems are
intrinsically complex. The thought that complexity is an intrinsic system characteristic is
reinforced by Simon’s often retold parable of the watchmakers Hora and Tempus.®

Mitroff and Linstone (1993) maintain that separation of subject and object is a paradigm

3 According to the parable, Hora and Tempus both made very fine watches. Both were
highly regarded and the phones in their workshops rang frequently as new customers
were constantly calling them. Hora prospered, but Tempus went bankrupt. Why? Both
watches consisted of about 1,000 parts each, but Tempus so constructed his watches that
he had to restart construction from scratch whenever a customer interrupted his work.
Hora s watches were no less complex, but he had designed them so that he could put
together subassemblies of about ten elements each. Hence, when Hora had to put down a
partly assembled watch in order to answer the phone, he lost only a small part of his
work, and he assembled his watches in only a fraction of the manthours it took Tempus.
Simon had used this parable to make his point that the evolution of complex systemsis
dependent on a buildup of stable subsystems.



that underlies much of the approach to physical, social and management science
education even today.

Several proponents of systems science did take specific note of the observer’srole
in characterizing the nature of systems. C. West Churchman (1968) wrote that it isa silly
and empty claim that an observation is objective if it resides in the brain of an unbiased
observer. W. Ross Ashby (1956) defined a system as any set of variables that the
observer or experimenter selects from those available on the “real machine.”

Accordingly, any system definition is only amodel of reality constructed subject to the
observer’s limitations of purpose and thought. Charles Francois (1997) refers to Heinz
von Foerster as originator of the statement that objectivity is the cognitive version of the
physiological blindspot. Robert Rosen (1977) specifically states that complexity isin the
eye of the observer. George Klir (1991) reinforces the idea that complexity pertains to the
observer when he writes: “ Since we deal with systems distinguished on objects and not
with the objects themselves, it is not operationally meaningful to view complexity as an
intrinsic property of objects.”

The Demands of Complexity

The aim of classical 19" century science was to discover in all systems, some
underlying ssimple level of operation where deterministic and time-reversible laws of
nature applied. In the classical perspective, there was a clear-cut distinction between what
was considered to be smple and what had to be considered as complex. The concept of
complexity within systems thinking has evolved considerably since that time (Cambel
1993, De Greene 1993, Klir 1991.) Several schools of thought have arisen during the

|atter half of the 20" century to address the management of complexity (Warfield,



1996a.) The research results reported herein build on the science-based approach to the
management of complexity initiated by John N. Warfield over 25 years ago.

We find the following words penned by Warfield (1995) to be the most powerful
reason for the thrust of our research effort. They clearly identify where complexity
resides and underscore the need for a paradigm shift in the managerial approach to
problematic situations. “To misplace the origin of complexity in the object of inquiry,
instead of in the mind of the observer, isto commit an error that is unlikely to be
undone.... If, however, it is correctly realized that complexity isin the mind of the
beholder, the possibility of reducing complexity through learning processes comes to the
fore.” Thus, we embarked upon a line of research aimed at identifying cognitive barriers
to be overcome if we are to be successful in understanding the nature of complexity. And,
we chose to pursue that research in an educational institution dedicated to improving the
systems acquisition management process.

The Research Question

We sought to find an answer to the following question: Are members of the

defense acquisition workforce prepared to meet the demands of complexity?
M ethodology

Input for analysis was gathered through questionnaires administered to highly
schooled engineering- and management-oriented government employees responsible for
the acquisition and life-cycle support of defense systems. Virtually all participants were
college graduates with ten or more years of on-the-job experience. Most held bachelor
degrees in an engineering or business discipline and many held masters degrees as well.

Study participants included acquisition professionals attending the 14-week Advanced



Program Managers Course (APMC) and members of the faculty at the Defense Systems
Management College (DSMC) located at Fort Belvoir, Virginia. The collegeis
considered to be the premier center for learning about the Department of Defense (DoD)
systems acquisition process. Successful completion of APMC is considered essential for
selection as a program manager of a major defense systems acquisition program. The
research effort comprised three separate studies conducted between January, 1996 and
February 1999. Over 875 individuals from seven acquisition management courses
participated in the research project. A combination of content analysis as described by
Weber (1990) and non-parametric statistical analysis as described by Siegel & Castellan
(1988) was selected as an appropriate set of procedures for analyzing most participant
responses to self-administered survey instruments. Random sampling and inferential
statistical analytical techniques were applied to the extent practical. Significant reliance
on nonrandom purposive sampling permit us to describe what was discovered, but not to
state generalizable conclusions concerning the associations or patterns uncovered. This
restriction was deemed acceptable since participant demographics generally reflect the
composition of the Department of Defense acquisition workforce.

Findings

Barriers to the Interpretation of Structural Graphics

The first study focused on interpretation of graphical displays designed to aid in
the management of complexity. To enhance the practical benefits of this research effort,
we chose to use graphical displays noted for their track record as viable management
tools. A set of graphical displays, known as Interpretive Structural Models, met this

requirement. They are the product of a process called Interactive Management (IM)



developed by Dr. John N. Warfield, a pioneer in the management of complexity through
systems design. The IM process, products, and scientific foundations are described in the
many publications of Dr. Warfield and his colleagues (Warfield, August 1990, 1996b).
Graphical displays can be an extremely efficient means of communication if the viewer
under stands the rules of construction. However, rules for proper construction of
interpretive structural graphics are not easy to articulate. Furthermore, visual skills,
unlike talking, reading, and writing skills have been left dangling by our Western
educationa system (Eisner, Winter 1993). To presume intuitive under standing of
graphical displaysis erroneous. Research in the field of visual literacy points out that
while looking may be a given, seeing is an achievement (Feinstein & Hagerty, 1994). We
limited our investigation to an interpretive structural model designed to facilitate problem
definition and resolution. It is the model most often developed first in the IM process and
the one most often subject to misinterpretation by first-time viewers. The graphical
display of this model is called the problematique (Warfield and Perino, 1999). The
purpose of this study was twofold:

To identify common misperceptions of the problematique among first-time viewers.

To identify likely causes for their misinterpretation of graphical syntax.
It was anticipated that such information would facilitate development of educational

material aimed at increasing viewer comprehensior*. Over 475 acquisition professionals

4 A clear understanding of the problematique’s syntaxis key to the success of Warfield's
“observatorium” whose purpose is to communicate information through large-scale
displays (1996¢). The observatorium is a building designed to enable someone to
transition from overview to detailed knowledge by physically moving through a series of
rooms containing structural graphic displays. Design of the structure provides the visua
linkage necessary to reduce cognitive overload.
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participated in this research. Results showed significant misinterpretation of the
problematique. Although participants had little or no prior training in the use of this
display, we were surprised by the significant misinterpretation of the display’s format and
underlying logic even when written instructional material was provided. The percentage
of correct answers was frequently less than expected even if responses had been chosen at
random. The average score among the 170 respondents asked to interpret a problematique
without benefit of instruction was 22%. The average score among 314 respondents with
access to written instruction was only 45%. Analysis of narrative responses to questions
about the meaning of the display led us to conclude that participants were predisposed to
reductive reasoning and emphasis on cause and effect as a principal mode of thought. To
the extent that this conclusion is valid, it provides cause for concern regarding effective
management of the DoD systems acquisition process. That process is lengthy and
complicated. It is subject to technical as well as political perturbations. Both the process
and its products are socio-technical in nature. As such, they are emergent, not
mechanistic in behavior. Taking management action based on a paradigm of determinism
invites repeated failures in program execution and a terrible waste of national resources.
Details regarding this phase of the research can be found in appendix A.

Managerial Assumptions about the Nature of Complexity

The second study focused on participant opinions regarding the nature of
complexity. John N. Warfield (1998) has identified a series of assumptions he believes
people make about the nature of complexity. He feels these assumptions interfere with
the effective management of large-scale problematic situations to such a degree that he

has labeled them as “killer assumptions.” Warfield has aso identified a series of demands
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that complexity places on management. The demands of complexity are the antithesis of
the killer assumptions. The purpose of this second study effort was to assess how widely
each, if any, of the killer assumptions might be held among individuals responsible for
managing the acquisitionand life-cycle support of national defense systems. This study
included 85 APMC attendees and 28 faculty at DSMC and was completed in December
1998.

The results of this study indicate that acquisition professionals do lack an
appreciation for the demands of complexity, thus lending support for Warfield’s
hypothesis concerning the extent to which the killer assumptions underlie the
mismanagement of problematic situations. Forty percent or more of the respondents
chose the same four killer assumption statements--the essence of which suggest that
resolution of large-scale problems presents no unique challenge. The two most frequently
combined killer assumptions were that human learning powers are independent of what
isto be learned and that complexity isin the system being observed. This is worrisome as
it indicates that overcoming cognitive barriers to the management of problematic
situations will be a daunting task. Conversely, strength of opinions held about the other
13 killer assumptions was not very high. Perhaps, there will be less resistance to changing
opinions regarding the demands of complexity in those aress.

It was also encouraging to find that faculty were not as likely to choose killer
assumption statements as were the course attendees. However, it would be unwise to
discount the importance of Warfield’'s hypothesis that educational ingtitutions fail to
prepare students to deal adequately with the demands of complexity (Warfield, 1997.)

Thisis particularly so given the apparent level of faculty confidence in human cognitive
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abilities. Over 60% of the faculty participants in this study agreed with the statement that
human learning powers are independent of the scale of what is to be learned.

The overall results of this study indicate a pressing need to train acquisition
professionals to respect the demands of complexity, yet fulfilling this need will be
difficult so long as academicians and practitioners alike continue to overestimate human
cognitive ability to contend with large-scale problematic situations. Details regarding this
phase of the research can be found in appendix B.

The Nature of Systems and Problem Solving

The third study involved over 300 acquisition professionals and focused on
obtaining their opinions regarding the nature of systems and problem solving. Results of
the first two studies had led us to wonder about participants’ perspective regarding
systems theory. As previously stated, most survey participants held undergraduate and
graduate degrees in engineering or business management subjects. The curriculum of the
systems acquisition management course they were attending addressed both theory and
practice in systems management tools and techniques, yet survey responses had often
reflected a simplistic approach to problem solving. We therefore determined that
important insights about this phenomenon could be gained by obtaining APMC attendee
responses to the following three open-ended questions:

What definition of “system” do you think is most useful ?
What does “problem solving” involve?
How might “system behavior” be best understood?
Input was obtained by administering a one-page questionnaire and applying content

analysis procedures to the responses. Analysis disclosed a predominantly Newtonian
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per spective among the participants’. Well over half the respondents felt that system
behavior could be best understood through observation and analysis. Almost the same
proportion described a problem solving process that did not include getting feedback
to determine if the chosen solution was working. These results gave weight to suspicions
raised during our earlier studies that acquisition professionals were overly focused on
near term observable outcomes. Details regarding this phase of the research can be found
in appendix C.
Aggregate Findings
This research effort sought to answer the following questions. are members of the

defense acquisition workforce prepared to meet the demands of complexity. Three studies
were conducted. The purpose of the first was to determine if first-time viewer
comprehension of a problematique can be improved by providing written instruction. The
purpose of the second was to determine which if any of Warfield' s killer assumptions are
widely held among defense systems acquisition professionals. The purpose of the final
study was to gain insight to acquisition professionals' view of systems management.
Combining the results of those three studies led us with the following aggregate findings:

Acquisition professionals share a predisposition for reductive reasoning and a reliance

on asimplistic linear approach as a principal mode for managerial actions (study #1

and #3).

® By Newtonian, we mean an investigative approach, born in the 17*" century, that proved
successful working with systems characterized by a very small number of variables, a
high degree of determinism, and suitable for analytical treastment. Problems with such
characteristics have been referred to as problems of organized simplicity (Klir, 1985).
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There is awidespread difference of opinion among acquisition professionals

concerning the capacity of human learning powers relative to the scale of what isto

be learned (study #2).

There is awidespread difference of opinion among acquisition professionals

concerning whether the site of complexity isintrinsic to a system under observation

or resident in the mind of the observer (study #2).

Conclusions
Results of the research support a contention that defense systems acquisition
professionals are not adequately prepared to deal with complexity when attempting to
manage the non-deterministic aspects of large-scale systems acquisition programs. The
prevailing strategy for systems acquisition is Newtonian in its origin and linear in its
essential characteristics. It embodies analysis and control of observable outcomes and
drives managerial attention toward near-term time horizons. Such a strategy may be
appropriate for well-defined mechanistic systems, but is inappropriate when attempting to
manage problematic situations encountered during the defense systems acquisition
process.
Recommendations
The curriculum of the Advanced Program Management Course at DSMC

emphasizes a linear flow from the establishment of war fighter requirements, through
systems development, production, life cycle support, and disposal. Relatively little
attention is paid to challenges faced when existing socio-technical systems must be
modified to meet new or changing requirements. Iterative processes such as pre-planned

product improvement (P3|), spiral development, or evolutionary acquisition are treated
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as aberrations rather than the norm. Such an educational approach fliesin the face of
reality given current emphasis on extending the life of existing systems Thereisa
pressing need for a paradigm shift regarding management of defense systems acquisition
programs. The following actions are recommended for DSMC management to help bring
about the transformation:
Make provisions for educating faculty, staff and acquisition professionals regarding
the demands of complexity
Increase emphasis within the curriculum on the use of science-based methods for
resolving complexity suchas Interactive Management.
Augment the functional faculty organization to facilitate a trans-disciplinary approach
to the application of management principles.
Bringing about the educational transformation can be accomplished through the
recommended actions. The transformation will be difficult so long as acquisition
professionals fail to recognize that complexity is endemic to the observer rather than an
intrinsic system characteristic.

The findings, conclusions, and recommendations presented herein pertain
specifically to members of the defense systems acquisition workforce attending the 14-
week Advanced Program Management Course at DSMC. Those individuals may be
unique in the level of education and experience they bring to the academic environment,
but they are the products of America’ s educational institutions. There is abundant
evidence from this study to suggest the need for research regarding the educational
paradigm underlying engineering and business management education in the United

States. Results of such research may identify a need for organizational change and
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curriculum reform within our colleges and universities to produce graduates able to meet
the demands of complexity as they attempt to resolve the large-scale socio-technical

problems facing our nation.
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Postscript
Correspondence between Dr. George Friedman, retired chief technical officer for

Northrop Corporation, and Dr. John Warfield was made available to this author as the
preparation of this dissertation was nearing completion (see appendix D.) Dr. Friedman
stated that one of the most demanding tasks he had at Northrop was to review the failures
of new systems and technologies as they were going through their final test phases. He
noted that test failures were due to two fundamental causes:

The construction and assembly of the components did not follow the engineers

specifications.

The models the engineers used to predict performance were incomplete; many of the

interactions were omitted, despite the presence of massive computer resources.
Dr. Friedman indicated that the second cause was more prevalent than the first and stated,
“This, in my mind, is yet another example of the dimensiona limitations of our cognitive
equipment.” The point of his correspondence was to underscore his belief that
quantitative modeling of the scientific and engineering worlds is inherently flawed by the
fact that the humans who devel op the equations controlled their experimentsin
accordance with their own cognitive limitations. | include reference to the
correspondence here for two important reasons:

It provides contemporary empirical evidence about human cognitive limitations and

the role of the observer in describing system characteristics.

It supports our recommendation for research regarding the paradigm underlying

engineering and management education at colleges and universities in the United

States.
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Appendix A

Barriersto the Interpretation of Structural Graphics
Overview

Thefirst of our three study efforts focused on interpretation of graphica displays
designed to ad in the management of complexity. To enhance the practica benefits of this
research effort, we chose to use graphica displays noted for their track record asviable
management tools. A set of graphical displays, known as Interpretive Structural Models, met
this requirement. They are the product of a process called Interactive Management (IM)
developed by Dr. John N. Warfield, a pioneer in the management of complexity through
sysems design. The IM process, products, and scientific foundations are described in the many
publications of Dr. Warfidd and his colleagues (Warfield, August 1990, 1996b). Graphica
disolays can be an extremdy efficient means of communication if the viewer under stands the
rules of construction. However, rules for proper construction of interpretive structura graphics
are not easy to articulate. Furthermore, visud skills, unlike talking, reading, and writing skills
have been |eft dangling by our Western educationa system (Eisner, Winter 1993). To presume
intuitive understanding of graphica displaysis erroneous. Research in the fidd of visud literacy
points out that while looking may be agiven, seeing is an achievement (Feingein & Hagerty,
1994). We limited our investigation to an Interpretive Structurd Model designed to facilitate

problem definition and resolution. It is the modd most often developed first in the IM process



19

and the one mogt often subject to misnterpretation by novice viewers. The graphica display of
thismodd is cdled the problematique (Warfield & Perino, 1999). The purpose of this study
was amed a finding ways to increase viewer comprehension of the problematique by:

| dentifying common misperceptions of the problematique among “novice’ viewers.

Identifying likely causes for their misnterpretation of the graphica syntax.
It was anticipated that such information would facilitate development of educational materid
amed a increasing viewer comprehension. Over 475 survey respondents participated in this
research. We were surprised by the sgnificant misinterpretation of the display’s format and
underlying logic even when written instructional material was provided. Andlysis of responsesto
questions about the meaning of the display led usto conclude that participants were
predisposed to reductive reasoning and emphasis on cause and effect as a principa mode of
thought.

Statement of the Problem
Defense systems acquisition involves the interaction of multiple organizations, both

public and private, aswell as multiple functions within those organizations. Failure to recognize
the interactive and emergent nature of the socio-technicd activities and events involved often
leads to unanticipated outcomes, which further complicate matters for acquisition managers
within both the public and private sectors. Access to ever-increasing amounts of data tends to

result in information overload rather than wiser decisonmaking.
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Graphical Displays as a Potentid Solution

All manner of potential solutionsto this problem have been suggested, tested, and
adopted; some resulting in greater benefit than others. One technique that gppearsto have a
good ded of merit isthe use of graphica displays to make vishble the structurd nature of
problematic Stuations. Verba and written descriptions suffer from the inherent lineerity of prose.
Attempts to process multiple thoughts smultaneoudy often lead to cognitive overload. Seeing
the interplay of individua dements sgnificantly reduces the mentd activity needed to grasp the
essence of the problem. Visud representation makes explicit what can only beimplicit ina
prose description (Sms-Knight, 1992).

Interpretive Structura Modeds

One st of graphica digplays that have emerged as viable management toolsis known
as Interpretive Structural Models. These models depict trangitive rdaionships'. They are
products of a group process caled Interactive Management (IM). Composed of smple
graphics symbols and short prose statements, these models can take a number of forms
depending upon the purpose of the IM sesson. An initia sesson might focus on problem
definition, whereas follow-on sessons typicdly shift to the identification of aternative solutions,

selection of the preferred dternative, and development of an implementation plan. The names

1 The concept of trangtivity is often illustrated asfollows: If A impacts B and, if B impacts C,
then A dso impacts C. Failure to recognize such propageating relationships can result in
unexpected and frequently embarrassing reactions to well-intended managerid inititives.
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given to modds tend to reflect their purpose. For example, the model devel oped during the
problem definition phase is cdled a problematique. Other modds are given such names as
option field, priority structure, and resolution structure. Eachisatwo-dimensond
graphica representation of relationships among sets of dements. Elementstypicdly include such
things as problems, options, activities, events, or decisons whereas relaionships are frequently
dated in terms of influence, afinity, priority or time precedence.

The Interactive M anagement Process

The IM process and its products are an outgrowth of the work of Dr. John N.
Warfidd, apioneer in the field of managing complexity through systems design. In essence, the
process systematizes human and computer interaction in ways that free individuas to think
cretively and intuitively during group problem-solving sessons by rdieving them of process
management and documentation requirements. The I nteractive Management process has proven
to be a superior management support system for dedling with complexity. The process has been
used in avery large number and variety of red-world gpplications. The results achieved during
IM sessions demondrate that participants can come away with a much clearer grasp of actions
required to resolve problems than has been previoudy possible. However, experience dso
demondtrates that some IM products can be subject to misinterpretation when seen for the first
time. This sudy effort investigated the use of written ingtructions as means for increasing viewer

comprehension of the Interpretive Structurd Mode known as the problematique.
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The Problematique

An Interactive Management sesson aimed a developing a problematique typicaly
beginswith aform of ideawriting in response to atrigger question in aformat amilar to the
following: “What are the critica factors which inhibit your ability to meet cost and schedule
objectives?’ The purpose of the trigger question in thistype of IM sesson isto identify barriers
to success. Each participant is given an opportunity to respond with as many ideas as possible.
Each ideg, stated in the form of a short sentence, is then posted for al to see and discuss. New
ideas occurring during the discussions are aso added to the list of elements to be consdered.
The discusson and idea generation process continue until participants fed they have identified
and undergtand dl inhibitors that come to mind. Participants are then asked to select those
elements that they fed are the most critical for management action. These Statements
subsequently undergo an IM structuring process. The participants engage in a computer-
asssted pair-wise comparison of critical dementsin response to a generic question. A
companion generic question to the foregoing trigger question might take the following form: “In
the context of improving your ability to meet cost and schedule objectives, does factor “A”
sgnificantly increase the severity of factor “B”? Factor “A” would be one of the sdlected
gatements. Factor “B” would be another. The result of this processis the Interpretive Structural
Modd known as the problematique. An example of a problematique that resulted from the
foregoing process is shown below. It portrays the negative influences among selected defense

system acquisition process problem categories (Alberts, 1995)
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Figure A1. An Example of a Problematique

24
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The Research Question

Experience gained during many Interactive Management sessions suggests that each
viewer needs some degree of initid assstance in the interpretation of a problematique. Prose
has been the historical medium in education. Y ears of practice a reading, writing and thinkingin
the linearity of prose can lead to mignterpretation of Interpretive Structurd Modds (Warfield,
December 1990). However, this problemis not limited to IM products done. Levie and Lentz
(1982) dso found that amgor problem with other graphica displaysisthat learners are not
practiced in making effective use of them. Thus, we proceeded from a perspective that IM
products, as currently portrayed and described in publications authored by Dr. Warfield, are
fundamentally gppropriate for the information to be conveyed and that ability to accurately
perceive meaning can be improved by educating the viewer. Our research hypothesis was that
providing written ingtructions on the format and logic of a problematique would result in
ggnificantly greater viewer comprehension.

Research Participants

Input for analysis was gathered through questionnaires administered to highly schooled
enginegring- and management-oriented government employees respongble for the acquisition
and life-cycle support of defense systems. Virtualy al participants were college graduates with
ten or more years of on-the-job experience. Most held bachelor degrees in an engineering or
business discipline and many held masters degrees aswel. Study participants were atending the

Advanced Program Management Course (APMC), an intensive 14 week course in systems
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acquisition management at the Defense Systems Management College (DSMC) located at Fort
Bdvair, Virginia The college is congdered to be the premier center for learning about the
Department of Defense systems acquiSition process. Successful completion of the courseis
consdered essentid for selection as a program manager of amgjor defense systems acquisition
program. These individuals represent a group of public and private sector decisionmakers
faced with managing the acquisition and life cycle support of U.S. Department of Defense
(DoD) systems costing American taxpayers billions of dollars. These individuas and the society
they serve would benefit greetly from effective use of structura grgphics in managing the sysems
acquisition process.
Research Desgn

Our research was amed at finding waysto increase viewer comprehension of the
interpretive structura mode known as the problematique. Our focus was not on the use of
graphics as aids to understanding prose, but as a self-contained means of communication. Red-
world management timeis limited and subject to many distractions. Busy people try to make
intelligent decigonsin a*“sound-bite” environment. Our research was aimed at increasing the
problematique’ s contribution to the wisdom of those decisions.

Our research effort entailed a two- phase gpproach to data collection and anadyss.
Phase one built upon the anecdota evidence gathered by Warfield and Cardenas (1992).
Emphasis was placed on identifying common causes for misinterpreting a problematique. A

second goa was to test for the impact of written instruction on viewer comprehension. Phase
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two tested for increased viewer comprehension as a result of improvements in educationa
materia suggested by the outcome of phase one. Both phases caled for gathering datafrom
viewerswith little or no prior training or experience with the Interactive Management process or
Interpretive Structural Models. ?
Phase One Reaults

Phase one was conducted during the late summer and early fall of 1996. A research
design based on nonrandom purposive sampling techniques was adopted in an effort to obtain
aaufficient number of survey responses from which to draw useful information. Sdf-
administered survey instruments were used to gather objective and subjective responses to
guestions concerning viewer interpretation of a problematique. A combination of nonparametric
datistica andyds as suggested by Siegel & Castellan (1988) and content analysis as described
by Weber (1990) was sdlected as the most appropriate set of procedures for andyzing this
data. Use of non-random purposve sampling techniques permit us to describe what was
discovered, but not to state generdizable conclusions concerning the associations or patterns
uncovered. This restriction was deemed acceptable since participant demographics generdly

reflect the composition of the Defense acquisition workforce.

2 We subsequently found only a handful of individuals daiming they knew anything about the IM
process or its products among respondentsto al our surveys. We could discern littleif any
beneficid impact on their answers. As aresult, dl respondents were included in our andysis as
representative of first time viewers of a problematique.
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APMC 96-2 Survey

The Defense Systems Management College conducts multiple offerings of the
Advanced Program Managers Course (APMC) during each federd government fiscal year and
numbers these offerings consecutively. We conducted phase one of our research effort during
APMC 96-2, the second offering in fiscd year 1996. Four versons of asurvey ingrument were
used. All contained questions pertaining to respondent’ s prior training or experience with the
| nteractive Management process and its products. The surveys involved respondent
interpretation of a problematique displaying selected dements of a manufacturing qudity control
problem experienced by the producer of an expensive hydraulic pump. The problematique from
which the e ements were drawn had been developed during an actud series of IM sessions that
ultimately led to resolution of the qudity control problem (Landenberger 1984.) The pump
problem was chosen because it represented the type of management chalenge that might be
encountered during implementation of a system acquisition program. Each questionnaire
contained an identical problematique to facilitate comparison of responses. Two of the four
versions used forced-choice questions to test viewer comprehension of the relationships
displayed. The other two versons used an open-ended answer format. All four versons

provided participants with space to explain the rationae for their answers. Two versons
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contained alist of ten points to keep in mind when interpreting a problematique. The other two

did not. The essentia characteristics of each verson are shown in table Al.

Table Al Essentid Characterigtics of Phase One Survey Instruments.

Vesonl Verson 2
Forced-choice questions. - Forced-choice questions.
Rationale requested. - Rationae requested.

No “reading” ingructions provided - “reading” indructions provided

Verson 3 Verson 4
Open-ended questions. - Openended questions.
Rationale requested. - Rationae requested.

No “reading” ingructions provided - “reading” ingructions provided

This survey instrument design permitted comparison of responses from viewers who received
gpecific hints on how to read a problematique versus those who did not. It also permitted
comparison of responses to forced- choice questions versus responses reflecting free-form
perceptions of the problematique’ s format and logic. Findly, it provided a means for identifying
patterns of rationae underlying participant responses.

We distributed atota of 420 surveys during phase one and collected 283 for a67%
response rate. The 283 responses were distributed among the four questionnaires as follows. 80

responses to verson one, 60 to version two, 69 to version three, and 74 to version four.

% Copies of these surveys are included at Appendix A-1 and A-2. Copies of the other surveys
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Andysis of the data collected during phase one of the research effort was undertaken in severd
steps.

The Impact of Ingructions on Viewer Comprehension

Step one involved testing for the impact of ingruction on viewer comprehension. This
involved a comparison of test scores achieved on survey versions one and three againgt those
on survey versons two and four. Versons two and four contained the ingtructions on reading a
problematique; verson one and three did not. The andys's focused on assessing whether written
indructions resulted in Sgnificantly higher test scores, thereby suggesting a higher leve of
comprehension.

The number of correct responses to survey versions one and three were compared
againg those to survey versions two and four. Only 48% of the 149 respondents to survey
versons one and three answered one or more questions correctly as compared to 60% of 134
responderts to survey versons two and four. Conversaly, 52% of the respondents without
instructions got a zero as opposed to 40% of the respondents with instructions. The percentage
of respondents and the number of correct answers they achieved on the APMC 96-2 survey

areshownin Figure A2.

can be obtained from the author.
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Figure A2. The Impact of Instruction on APMC 96-2 Results

The median number of correct answers achieved by al 283 respondents was one out of five

possible. We collapsed the datainto a2 X 2 table in order to perform the Median Test using

the Pearson chi-sguare statistic as described by Siegel and Castellan (1988). Table A2 shows

the proportion of respondents scoring above the median and those that scored at or below it.

Table A 2. Impact of Ingtruction on APMC 96-2 Results

Respondents Scoring Above the Median At or Below the Median
With Ingtruction 25% 75%
Without Ingtruction 18% 82%

Totds 100% 100%
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Although a comparison of the percentages seemed to indicate somewhat grester success when
written indructions were provided, the null hypothess that both groups came from the same
population could not be rejected (X? (1, N = 283) = 0.18). Thus, we could not hold that
providing written ingtruction made a significant difference in test scores between these two

groups.

Content Andyds

Step two involved the use of content analysis procedures described by Weber (1990)
to anadyze the narrative statements provided by respondentsto dl four versons of the APMC
96- 2 survey. The purpose of this anayss was to devel op a sense of the common
misconceptions held by individuds viewing a problematique for the firgt time. Content analysis
procedures require the investigator to develop an intimate relationship with the narratives being
andyzed in order to gain a sense of intended meaning from what is stated and the context in
which it is stated. The process requires the investigator to select aword or phrase to accurately
capture the centra thought in each response. A count of these words and phrases then provides
input for a quantitative assessment of common ideas among al respondents.

Content andysisis an inductive process. It is highly subjective, time consuming, and
laborious. As areault, its reputation suffers or benefits from the features of qualitative research,

depending on one' s viewpoint. We believed it to be an appropriate and valid process for
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identifying amilarities in the way viewers interpreted the meaning of a problematique. We
recognized that the results of our andysis would be highly exploratory and subject to
investigator bias. We therefore attempted to avoid premature closure on the selection of code
words and phrases to the maximum extent possible. After coding dl responsesto dl questions
in each verson of the survey ingrument, we systematically reviewed the results of our andysis
and made changes in code words or phrases where congstency and comparability would
benefit. For example, we had initidly coded a series of responses to question three of the
forced-choice verson of the survey as“number of arrows’ to reflect respondents’ referencesto
the impact which the el ementsin one box would have on succeeding boxes. We then found we
had coded somewhat smilar responses to question four in the open-ended verson of the survey
with the code word “influence.” We adopted “influence” as a better descriptor of meaning since
both questions involved smilar intent. Such changes were limited as we atempted to minimize
second-guessing our initid impresson of a respondent’ s intended meaning.

Although computer-aided content andys's software is becoming increesngly available,
we felt that a manud process was more agppropriate for this phase of our research as
investigator selection of appropriate code words and phrases comprises the mgor portion of
the effort. Our subsequent experiences during the coding of narrative responses confirmed what
we had anticipated. Choosing the words and phrases for coding purposes was a true chdlenge

intellectualy and physicaly. Over 1,300 statements were coded during a period of severa



weeks. The length of timeit took to complete this effort was as much afunction of our ability to
gick to the task as it was the time chunks available to do so.

When we had completed our initid coding effort, we found we had dozens of cases
where a code word or phrase had been assigned only once. We tried collapsing these into
broader categories, but found the effort of little benefit. Our initid coding efforts seemed to
effectively highlight the mgor tendencies in viewer interpretation of the problematique. Our
andysisidentified only afew words or phrases that had been assgned with any consstency.
The two most frequent were causdity and fault isolation. These two words were assigned to
20% of the narrative responses to versons one and three (without ingtructions) and 15% of the
narrative responses to versions two and four (with ingructions.) *

Reasons Underlying Incorrect Responses

Step three involved a search for reasons underlying incorrect responsesto the five
forced-choice questions in survey versions one and two. The statements provided by
respondents in support of answers were anadyzed to gain a sense of the common
misconceptions held by individuas viewing a problematique for the first time. Opentended
questions in survey versions three and four were dso andyzed to gain a better perspective on
reasons underlying incorrect responses. We shdl describe the intent of each question, the

choices respondents made, and the nature of the narrative comments as we interpreted them. A

4 Narrative statements provided by respondents for al questions together with the tag word or
phrase assigned are available from the author.
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copy of the problematique used in the phase one survey is provided in Figure A 3. The ten hints
for “reading” a problematique included in versons two and four are listed below:
A problematique depicts e ements of a situation and propageting relationships among them.
The concept of propagation is often described asfollows. If A impacts B, and if B impacts
C, then A dsoimpacts C.
Elements are contained within boxes.
The arrow indicates the relationship.
Bulletized dements within the same box are interrelated.
The numbers in parentheses indicate the sequence in which eements were presented by the
workshop participants. They are retained for tracking purposes and have no other
connotation.
Elements on the left are not necessarily the cause of dementsto theright.
The left-most ements are not necessarily root causes of the Situation.
The layout of a problematique results from efforts to minimize line-crossings. Thereis no
intended suggestion regarding priority or duration of effort to resolve the situation portrayed.
The thickness of lines and the size of boxes are not intended to suggest relative importance

among the ements shown.
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This problematique depicts some of the elements identified during a series of IM workshop sessions aimed at
reducing hydraulic pump rejection rates. The elements shown below were among those considered most
critical by the participants in response to the trigger question and were structured in response to the generic question.

B

Inlet oil
temperature
variation
(11)

Trigger Question: What elements are
causing rejects on the pump test machine?

A

Out of
calibration
machine

(25)

Faulty
electrical
sensing
equipment
(20)

Generic Question: Does
problem A contribute

to the severity of
problem B?

*Piston bore
wear (4)

«Contamina
-tion (8)

G

D

*Stroke
control valve
not stable (1)

*Machine
inlet pressure
variation (12) Low pump

*Valve leaks, [P gfel)CIency

line leaks
(machine)
(16)

E

Poorly
seated stroke
control

valve (22)

Increases the severity of

—_—

Figure A3. The Problematique Used in the APMC 96-2 Survey
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Interpretation of cycles.

Thefirst question addressed the nature of cycles. Cycles are common in
problematiques. They are comprised of €lements that interact with each other. Cyclesrequire
holigtic attention; eements within them cannot be trested as isolated problems. The question

posed and the percentage of respondents choosing each answer are shown in Table A3.

Table A3. The Interpretation of Cycles

Thedementsin Box C Without With

are best attacked: Ingtructions Ingtructions Totds

a. Sequentially 36% 20% 29%

b. In Paralld 34% 43% 38%

c. Makes No Difference 16% 18% 24%

d. None of the above® 10% 15% 17%

No Response 4% 3% 4%

Totds 100% 100% 100%

The correct answer to this question was “None of the above’. Survey verson one had no
indructions concerning the meaning of cycles and there was no scientific rationale avalable to
the viewer to support any of the other answers. The written ingructionsin verson two, if

considered by a careful reader, should have increased the probability of selecting the correct

5 One might argue that answer d. should be “Unknown” rather than “None of the above.” In
fact, we used “Unknown” in two pilot surveys and found that most respondents choosing that
answer tended not to provide any rationale thereby frudtrating our effortsto gain insght to the
thinking behind that sdection. We therefore decided to use the less logica response, but one we
felt would encourage inclusion of arationde statement.
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answer. Sixty-seven percent of the respondents chose to take either a sequentia or pardld
approach. Twenty-four percent fdt it made no difference which approach was used, while only
17% chose the correct answer. It was our overdl impresson from anadyss of narrative
satements that the rationde most frequently provided by al respondents, whatever their choice
of answers to this question, seemed to rest on the concept of cause and effect and a step-by-
step approach to problem resolution based soldy on the information placed before them.

A gquestion focusing on the interpretation of cycleswas dso included in survey versons
three and four. It asked what the respondent thought the manageria implications were when
multiple elements were contained in the same box. This was an open-ended question. In our
analysis of 134 responses, we tagged 21 with the phrase “interrelated elements.” We tagged 19
others as “related eements’ and 33 as “ share the same trait” or “share Smilar trait.” Only the
first phrase was assigned to statements that seemed to capture the true meaning of cycles.

Interpretation of gpatia relationships.

The results of prior research by Winn (1981, 1982) suggest that English speakers will
tend to read a graphica display from left to right and from top to bottom. Winn and Solomon
(1993) have conducted controlled experiments which demongtrate that items shown to the |eft
of or above other items are assumed to be superior or inclusive of the itemsto the right or
below. That which is shown to the left is thought by the viewer to be a cause, not aresult. Those
experiments did not include the use of arrows to show the direction of the relationship, asisthe

case with congtruction of a problematique. Question two in our survey instrument was designed
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to test for viewer comprehension of spatid relationships within a problematique. The question
focused viewer atention on one box in a series. The box in question (Box G) was located &t the
bottom of the problematique. The box contained only one eement. The question and answers

chosen are shown in Table A4.

Table A4. The Interpretation of Spatid Relationships

Without With

The elementsin Box G gppearsto be: Ingtruction | Instruction Totds
a. A Fundamenta Problem 36% 28% 33%

b. An Intermediate Problem 43% 30% 37%

c. A symptom, Not a Cause 8% 20% 13%

d. None of the above 10% 17% 13%

No Response 4% 5% 4%
Totas 100% 100% 100%

The correct answer was “None of the above’. There was no scientific rationale available to the
viewer to support any of the other answers. Ingtructionsin survey version two warned against
the assumption of cause and effect. The ingtructions dso indicated that the purpose of
problematique layout is merely to minimize line crossings.

Fifty-two of 140 respondents (37%) fdt that the lement in box G was an intermediate
problem. Most of their narrative statements suggested that an intermediate problem fdls

between other e ements. Although that answer was chosen more often than any of the others; it
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was only marginadly more popular the first answer. The respondents who chose that answer
seemed to equate the term “fundamenta” with the ideaof cause and effect.

It was aso of extreme interest to note that not one of the 140 respondents referred to
the labeled arrow included in the display. That arrow was labeled, “increases the severity of.”
That arrow was immediatdly to the right of the box in question, yet it was apparently ignored or
misinterpreted to infer a causa relationship.

Prioritization of effort.

The third question attempted to uncover reasons why aviewer would choose to work
on one element over another when there was no scientific basis for achoice. Viewers were
asked to choose among three dements that were displayed at the top or leftmost position in the
problematique. The boxes containing these ements had one or more arrows leading away from
them and none leading to them. The intent was to invite a choice anong dements that were
visudly endowed with rdative equdity. A fourth choice permitted the viewer to ignore the three
elementsin favor of some other dement the viewer might consder more important. The question

posed and the answers chosen are displayed in Table AS.
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Table A5. Prioritization of Effort

Which dement should be addressed firs? The Without With Totds
oneg(s) in (choose one): Ingtruction | Ingruction

a Box A 40% 32% 36%

b. Box B 3% 7% 4%
c.Box F 28% 20% 24%

d. None of the above® 21% 30% 25%

No Response 9% 12% 10%
Totds 100% 100% 100%

Once again, the correct answer was “None of the above’ since there was no scientific rationae
provided to support any other selection. Reading “hints’ included in version two specificaly
dated that the format of the problematique does not mandate priority of effort to resolve the
Stuation portrayed.

When al responses to this question in versions one and two were totaled, it appeared
that two trains of thought were predominant in support of the choices made. Thirty six percent
of the respondents chose box A and 24% chose box F. Each of those two boxes contained an
element dedling with operating parameters or test equipment. The respondent’ s knowledge or
experience with hydraulic pump systems presumably drove the choice between them. The
second most common trend seemed to be that the more arrows leading away from a box, the
greater the assumed impact or influence, and thus, the greater payoff for starting with that

dement.
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Analysis of responses to the question in survey versions three and four that addressed
prioritization of effort found quite Smilar results. That question asked respondents which dement
or dements they felt should be addressed first and why? Sixty five percent of those respondents
chosebox A, B, or F. Thisunconstrained choice pattern was virtualy identica to the 64% of
version one and two respondents forced to select from among box A, B, or F. Anayss of
narrative statements provided by the two sets of respondents aso showed smilarities. Forty
eight percent of the respondents to the forced choice verson and 44% of the respondentsto the
openended version provided responses suggesting a mechanistic approach to problem solving.

Duration of effort.

The intent of question four in versons one and two was to test for viewer assumptions
concerning duration of effort required to resolve multiple eements. We asked viewersto
compare two cycles, one containing two elements and one containing three. The 3-element
cycle (Box D) was to the right of the 2-element cycle (Box C). The 2-dement cycle and two
other separate elements led directly to the 3-element cycle. The question posed and the answers

chosen are shown in Table A6.

6 The results of our content analys's suggested thet first-time viewers seem to assume that
everything they need to know was being displayed before them. Only six respondents choosing
“None of the above’ cited lack of data as the reason.
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Table A6. Duration of Effort.

Which group of eements will take Without With

longer to resolve? Thosein (choose one): Indruction | Indruction | Totds
a Box C 18% 15% 16%

b. Box D 64% 47% 56%

c. Neither 1% 3% 2%

d. None of the above 14% 22% 17%

No Response 4% 13% 8%
Totds 100% 100% 100%

The correct answer to this question was “None of the above’ since there was no scientific
rationae for any other choice. Reading hints provided in version two stated that a problematique
layout was aimed at reducing line crossings and not to suggest anything regarding duration of
effort required to resolve the Situation portrayed. Over hdf the respondents felt that the eements
in box D would take longer to resolve. Our analysis of narrative statements indicated that the
number of inputsto Box D rather than the number of eements within it was the key factor
leading to respondent decisions concerning duration of effort. This same logic was aso reflected
in responses to the question regarding duration of effort in survey versons three and four.

The Logic of Trangtivity.

The purpose of question five was to test viewer comprehension of trangtivity. Viewers

were asked about the impact of resolving dl eementsin one of the boxes (Box C). That box



had two boxes preceding it. One of those two boxes (Box B) led only to the box in question.

The other box (Box F) aso led to another element. The question posed and the answers chosen

aeshownin Table A7.

Table A7. The Logic of Trangtivity

Resolving dl the dementsin box C will
completely diminete the impact of the Without With
element in (choose one): Ingtructions | Indructions | Totds
a Box B 48% 30% 40%
b. Box F 4% 7% 5%
c. Neither 24% 25% 24%
d. None of the above 21% 28% 24%
No Response 4% 12% 7%
Totds 100% 100% 100%

In thisingtance the correct answer was “Neither” ance diminating an eement in astring of
trangtive relationships does not break the predecessor’ s link to eements succeeding the one
eliminated. Our evauation of the statements made by al the respondents I eft little doubt that the
concept of trangtivity was not well understood, even among those respondents who had the
benefit of theindructions. We interpreted 72 out of 130 narrative statements asindicating a
chan-like linkage among eementsin the minds of respondents. In other words, resolving an
element dong a pathway of arrows severed a connection between the e ements that remained.
There were two opentended questions and one forced- choice question concerning the
concept of trangtivity and its propagationa characteristics in our phase one survey instruments.

One of the open-ended questions asked respondents about the meaning of the rdlationship



45

portrayed by the arrow. The arrow was labeled “Increases the severity of.” The arrows
connecting el ements that comprise a problematique indicate the direction and extent of the
propagating relationship. A correct interpretation would have indicated that any element dong a
path of arrows increases the severity of al subsequent eements on that same pathway. Only 28
of 138 participants mentioned increased severity in their response and it was not clear if they
truly understood the impact of propagation. Sixty nine other respondents expressed their
understanding in amanner that seemed to reflect a paradigm of causdity rather than influence.
Their statements tended to infer that an antecedent e ement was necessary before a succeeding
element could occur. Twelve respondents saw linkage, but did not specify what kind. These
three categories accounted for 76% of the responses to that question.

The other open-ended question asked how resolution of elements on the left would
impact those to their right. Half the respondents believed that some form of positive change
would occur. Individua responses referred to the outcome as enhanced performance, reduced
occurrence, and reduction or dimination of succeeding e ements, in addition to the anticipated
response of reduced severity. Another 13% were not sure what the outcome would be.

Discussion of Phase One Results

Phase one focused on analysis of data gathered from 283 respondents. The purpose of
that data collection effort was twofold. Firg, to gain a better understanding of causes for
misinterpretations of problematique format and content. Second, to test for the impact of

ingtruction on viewer comprehension. Non-random purposive sampling techniques were used.
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Asaresult, our findings are descriptive in nature and establish a basdine for follow-on inferentid
research efforts. As stated earlier, we performed the Pearson Chi- Square test to determine if
there was a Satigtically sgnificant difference in the responses provided by participants who had
the benefit of ingruction on “reading” a problematique. Surprisingly, our analysisindicated that
providing written instruction made no significant difference in success rates. Narretive responses
to the phase one surveys were analyzed for common threads. Although not satisticaly
sgnificant, severd recurring themes enabled us to hypothes ze three potentia reasons why firg-
time viewers tended to misinterpret the problematique. They were:

Misinterpretation of the meaning and significance of cycles.

Lack of understanding of the concept of trangtive propagetion.

Preconceived notions concerning spatia relationships among problem eements.
We will firg discuss our findings and conclusions regarding viewer interpretation of cycles, a
phenomenon common to problematiques of any consequence. Second, we discuss survey
results concerning the concept of trangtive propagation and the chalenge it posed for
respondents to our initid survey instrument. Lastly, we address the impact that spatia
relationships in a problematique appear to have on viewer comprehension.

The Interpretation of Cycles

All dementsforming a“cyde’ influence each other in the same fashion. If the trangtive
relationship being portrayed is one of aggravation or increased severity, each dement within the

same cycle will aggravate or increase the severity of dl other dements within that same cycle.
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The essentid characteridtic of acycleis one of interrdationship. Thus, the dements within the
cycle must be treated collectively in the pursuit of effective problem resolution. Whether a
collective treatment is best performed sequentidly or in pardld requires additiond data and
andyss. Two questions attempted to discern viewer interpretation of cycles. No prior
ingruction concerning the meaning of cycles was provided in any survey instrument. Omission
was intentiond. It iswell known that visua proximity connotes togetherness. Including
interrelated dements within the same box and preceding each e ement with adot portrays a
cycle. By omitting any reference to the nature of cycles, we were able to dicit each participant’s
own interpretation concerning what the dements within the same box shared in common.

The problematique used in the survey addressed reducing hydraulic pump reection
rates. Many APMC attendees have engineering degrees or job experience and appeared to
have some familiarity with the operation of pumps and techniques used in their repair. Upon
reflection, this gpparent familiarity with the subject matter may have given respondents
confidence in their ability to determine the best gpproach without additiona analyss. For
example, 20 of the 41 individuas choosing to pursue a sequentia gpproach referred to a cause
and effect rdationship among the e ements that suggested what was, to them, an obvious first
step. Eleven others wished to pursue afault isolation gpproach to resolving the cycle. These two
categories of rationale accounted for 76% of the reasons why respondents chose a sequentid
approach. A tota of 53 out of 140 respondents chose to take a pardldl approach. Although not

the correct response, we had expected this choice to be popular among those who grasped the
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essence of acycle. However only 11 of the 53 cited the interreationship among the dementsin
therr rationale. Somewhat surprisngly, 17 cited the impact of multiple e ements externd to the
cycle asthe reason for a pardld approach to the multiple eements within the cycle. Why these
individuas chose to focus on antecedent el ements remained unclear until we sensed that a cause
and effect paradigm underlay their thinking.

Our overdl impression of responses to the two questions concerning the nature of
cycleswas that participants had no difficulty with theidea of togetherness, but differed
sgnificantly concerning the course of action to be teken as aresult of it. Relaively few seemed
to truly understand the nature of the interrelaionship portrayed. Almost al seemed willing to
take a pogtion based on the limited information provided. Only a handful felt that additiond data
was needed before initiating action to resolve the problem.

The Concept of Trangtive Propagation

The concept of trangdtivity is often described as follows. If one item relates to a second,
and the second to athird, then the first dso rdates to the third in the same manner. If for
example, A equas B, and B equas C, then A dso equasC. Conversdy, if Cisequa to B,
andBisequd to A, then Cisdsoequd to A. If B isdiminated, Cis4ill equd to A. Smilarly,
if Cisinfluenced by B, and B isinfluenced by A, then Cisdsoinfluenced by A. If B is
eiminated, Cisdill influenced by A. It is thislatter form of the transitive relationship that

underliesthe logic of the problematique.
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The trangitive rdationship portrayed in a problematique is normaly one of aggravation.
Predecessor e ements make successor e ements worse. The impact propagates. For example, if
A aggravates B, and if B aggravates C, then A aso aggravates C. In thelogic of a
problematique, the severity of C reflects the combined affect of B, asit isaggravated by A, as
well as A, itsdf, as shown beow in Figure A4. A problematique is congtructed using the
convention shown to the right of the equa Sgn so as to minimize line crossings and enhance
perceptibility. Since the propagating relationship is one of influence, not causdity, removd of B
does not diminate the adverse impact of A on C. Conversdly, eliminating A does not prevent

either B or C from occurring.

A C = A B C

~L

B “aggravates’

Figure A4. Trangdtive Propagation

The power of the problematique as a management tool liesin its potentid for making the
propagating linkage among the e ements visible to those who must resolve them. Taking dl
responses to these three questions into account, we believe that one of the reasons why the
ingtructions on how to “read” a problematique were not effective in improving viewer

comprehension was that the essential difference between transtive propagation and causality
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was not adequately explained or understood. In addition, we suspected thet the difficulty
English readers have in underdanding a problematique is due to |eft-to-right andyss of adisplay
portraying aright-from-left logic. If the viewer understood that both A and B aggravated C, and
that B was also aggravated by A, we suspect that the viewer would understand that remova of
B does not diminate the impact of A on C.

Spatid Relationships and Viewer Comprehension

English speakers have learned to read prose from Ieft to right and from top to bottom.
Research by Winn and Solomon (1993) demondtrated that English readers make certain
assumptions regarding spatid relationships. We were concerned that such assumptions could
lead to unwarranted conclusions regarding issues of precedence and duration regarding
individua dements and the effort required resolving them. While there is some logic to
atributing greater influence to dements on the left as opposed to those on their right, such an
assumption must be treated as a hypothes's subject to verification. Likewise, while it may be
logicd to assume that dementsto the right in a problematique may have more factors influencing
them than eements to therr |eft, there isno basis for any assumption concerning the length of
timeit will take to resolve them. In other words, based on the problematique aone, one might
hypothesize, but cannot conclude that the leftmost e ements deserve some higher priority of
atention and that rightmost dements will take longer to resolve.

Both the forced- choice and open-ended versions of our survey contained questions

intended to test for the impact of spatid relationships on viewer interpretation of problematique
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format. What we found was that spatid relationships seemed to have somewhat less of an
impact among this entire group of survey participants than other, more content related, aspects.
Only 42% of the respondents seemed to focus on the patid relationship anong eementsasa
basisfor prioritization. Mogt of the other respondents cited reasons having to do with cause and
effect, fault isolation, and expediency as abass for their choice of ements to receive priority
attention. When it came to duration of effort, only 46% of the respondents chose elementsto
the right over dementsto their left. Those who fdt that eements to the left would take longer to
resolve aso tended to cite content rather than format related aspects as abasis for their answer.
Based on our interpretation of the overdl reaction to these and the other questions
posed in our initid survey effort, we suspect that firg time viewers who fed quite familiar with
the content presented in a problematique may jump to conclusions as to its manageria
implications. Conversdy, we suspect that individuals who are not familiar with the subject matter
may be more apt to focus on format when trying to interpret the resulting problematique. These
suspicions find support in research by Winn (1988) regarding ingructiona diagrams and the
amount of detall displayed therein. He found that the more explicit the details, the morelikdly
viewers are to pay attention to them at the expense of looking a the whole diagram. This
suggests to us that respondents who were more familiar with the operations of hydraulic pumps,
or who had engineering backgrounds, tended to place less emphasis on the diagrammeatic
aspects of the display. In essence, we believe they saw more immediately comprehensible

“detall” in the prose and focused on it at the expense of comprehension available through the
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format of the display. We dso suspect that a paradigm of deconstructionism underlay the
interpretation that survey participants gave to the problematique placed before them. The logic
of cause and effect and the atomistic andytica techniques derived from it are a part of every
day life for engineers and scientists. We believe the tendency to take gpart and segment
technologica problems spills over into the scientific aspects of managerid research and
education. To the extent these impressons are true, they pose sgnificant implications for
attempts to educate individuas who have not participated in an Interactive Management sesson,
but are expected to understand and implement the recommendations that ensue from them.
Phase Two Results
Phase two built upon findings from phase one. It involved development, testing, and use

of revised survey ingruments during 1997 and 1998. Random sampling and inferentid Statistical
andysis was used to the extent practicable. Revisons to the phase one survey instruments were
threefold:

Fire, a set of new written ingtructions expanded on the concept of trangitive propagation,

the interpretation of cycles, and the relevance of spatid relationships. Graphics were added

to help readers visuaize key concepts prior to seeing a problematique for the first time.

Second, the multiple-choice and openended questions were combined in one survey

insrument and severd questions were added in an effort to verify an individud’s

understanding of key concepts.
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Third, we were concerned that the nature of the origind problematique might have
sgnificantly biased responses from participants with education and experience in engineering
disciplines. We decided to test a subgtitute problematique involving the issue of system
acquisition reform—a subject studied by al APMC attendees as part of their curriculum a
DSMC. This second problematique had been developed during a series of IM workshops
amed a improving the system acquisition process within the Department of Defense. As
such it was highly rdlevant to changes in acquisition policy being driven by congressond
mandate and implemented under the guidance of the Secretary of Defense.

The Defense Systems Management College conducted three of the 14-week acquisition
management courses during 1997. When multiple survey versons were used, they were
distributed randomly among attendees. They were asked to fill out the surveys on their own time
as had been done during phase one. Response rates were significantly, and disgppointingly, less
than achieved during phase one. The relatively poor response rates were likely due to the heavy
emphasis placed onthe voluntary nature of attendee participation by the college adminidtration
at the time the surveys were distributed. In addition, two of the three survey efforts were
conducted latein the 14-week course when attendees had little enthusasm or patience for any
activity not required for graduation. The research effort and results for each of these three

classes are discussed below.



APMC 97-1 Survey

A totd of 300 surveys were distributed during week nine of the first 14-week course

conducted in 1997. The DSMC course number, which we shall use for convenience heresfter,

was APMC 97-1. Thissurvey effort focused on the interplay of instruction sets and

problematique types. Four versions were randomly distributed among the attendees.” We

paired the origind set of ingtruction with the hydraulic pump problematique in one verson and

with the new acquisition reform problematique in another. We also paired each problematique

with the new st of instructions. The essentid characterigtics of these four versons and the

results achieved are shown Table A8.

Table A8. Essentid characteristics of APMC 97-1 Survey Instrument

Verson 1 Verson 2
Origind indructions with hydraulic-pump | Revised ingtructions with hydraulic-pump
problematique problematique
7 responses received 8 responses received
Average Score 35% Average Score 48%
Verson 3 Verson 4
Origind indructions with acquigtion Revised ingtructions with acquistion-reform
reform problematique problematique
4 responses received 9 responses received
Average Score 57% Average Score 44%

Only 28 surveys were returned during week ten for aresponse rate dightly less than ten

percent. A comparison of average scores indicated that the number of respondents answering

questions correctly seemed to improve some over results achieved by phase-one participants.
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However, when one-way andysis of variance (ANOVA) was applied to the data, the results
did not show that overall scores achieved by any of the four groups responding to the survey
were sgnificantly different from each other (F (3, 24) = 1.0012). We did use the Student T-
Test to check results regarding the concepts of trangtive propagetion, cycles, and spatia
relationships and found sgnificant differencesin three instances. Respondents did better
generdly on questions pertaining to cycles (t (54) = 3.98, p < .001) and transitive propagation
(t (54) = 2.36, p < .05) than they did regarding spatid relationships. Respondents with the new
set of ingructions did sgnificantly better on questions concerning cycles than respondents with
theold st (t (26) = 3.77, p < .001). There was no satisticaly sgnificant difference in result
regarding trangitive propagation, cycles or spatid relationships when scores achieved on the
acquigtion reform problematique were compared againgt those achieved on the hydraulic pump
problematique.

APMC 97-2 Survey

Dueto the low response rate to the APMC 97-1 survey, we decided to abandon use of
the hydraulic pump problematique and concentrate on acquisition reformin an effort to capture
atendee interest. Three survey versions were randomly distributed to 240 attendees during
week two of APMC 97-2.2 Once again, atendees were alowed to complete the survey
without supervision on their own time. Sixty-Six surveys were returned the next week for a

27.5% response rate. All three versons asked identical questions about the acquisition reform

’ Copies of each version are available from the author.
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problematique. One verson contained no ingtructions. A second version contained the origind

list of ten “reading” hints. The third contained the set of expanded instructions expected to result

in the best performance by firg-time viewers. The essentid characteristics of this survey are

shown in Table A9.

Table A9. Essentid characteristics of APMC 97-2 Survey Insruments

Verson One
No ingructions
21 responses received
Average score: 34%

Verson Two
Origind “lig” indructions
22 responses received
Average score: 45%

Verson Three
Revisad indructions
23 responses received
Average score: 51%

The three group results were compared using one-way ANOVA. Resultsindicated a
ggnificant difference in the data (F (2, 63) = 7.25, p < .01). The Student T-test was used to
compare versons two and three againgt version one and against each other. Respondents with
the origind set of indructions did satisticaly better overall than those without any ingtructions (t
(41) = 2.39, p < .05) as did respondents with the new set of instructions (t (42) = 3.94, p <
.001). However, the revised set of ingructions did not prove to be sgnificantly more beneficia
than the origind st (t (43) = 1.30).

We dso andlyzed results regarding the concepts of cycles and trangitive propageation as
well as the meaning given to patid relationships. Questions concerning these three topics were
grouped to determine the total number of correct answers given by the respondents relative to

the total possible number of correct responses. Results are summarized in Table A10.

8 Copies of each version are available from the author.



Table A10. APMC 97-2: Results Regarding the Interpretation of Cycles, Trangtive
Propagation and Spatiad Relationships

Verson 1: No Verson 2: Origind Verson 3: Revisd
Ingructions Indructions Ingtructions
21 Respondents 22 Respondents 23 Respondents
Themeaning Number of - Number of - Number of -
and questions. 3x21=63 questions. 3x22=66 guestions. 3x23=69
sgnificanceof | correct answers. 26 correct answers: 40 correct answers. 53
cycles Percent correct: 41% | Percent correct: 61% | Percent correct: 77%
The concept Number of - Number of - Number of -
of trandtive questions. 5x21=105 | questions: 5x22=110 | questions: 5x23=115
propagation correct answers. 28 correct answers. 47 correct answers. 53
Percent correct: 27% | Percent correct: 43% | Percent correct: 46%
The meaning Number of - Number of - Number of -
givento questions. 8x21=168 | questions: 8x22=176 | quegtions. 8x23=184
Soatia correct answers. 43 correct answers. 52 correct answers. 61
relationships | Percent correct: 26% | Percent correct: 30% | Percent correct: 33%

Differences in the percentage of correct answers showed that the meaning and significance of
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cycles, while not easy, was less difficult to understand than the concept of transitive propagation

or the interpretation of spatia relationships for this group of participants. Even without

ingructions, this group scored higher, on average, in response to questions on the meaning and

sgnificance of cyclesthan they did regarding the meaning to be given to spatia relationships (t

(40) = 2.84, p < .001).

Both sets of ingtructions were of sgnificant help with regard to understanding cycles and

the concept of trandtive propageation, but seemed ineffective in overcoming confusion regarding

the lack of meaning to be associated with spatia relationships. Scores achieved on the survey

with the origind ingtructions were saidicaly higher regarding cydes (t (41) = 1.69, p < .05)
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and trangitive propagation (t (41) = 2.04, p < .05) than scores achieved without instruction.
Respondents getting the revised set of indructions dso did better regarding cydes (t (42) =
3.19, p <.001) and trangitive propagation (t (42) = 2.84, p < .001). However, the revised set
of indructions was not significantly of greater help than the origind ligt of reading hints.

APMC 97-3 Survey

A sngleverson of the survey utilizing the revised ingructions together with the
acquisition reform problematique was distributed to 60 attendees during week 13 of APMC
97-3.° Only nine surveys were returned before the end of the course for a 15% response rate.
This number was deemed insufficient for in-depth analys's, however, a cursory review of
responses did suggest the need for minor changes in the instruction set to be used on further
urveys.

Overdl, the results of research conducted during 1997 were considered to be beneficia
in that the format of the survey instrument was put through what could be consdered as three
separate pilot tests, thereby increasing our confidence in its usefulness to gather additiond data.
Thus, plans were made to survey the first acquisition management course in fiscd year 1998 and
to do so early in the course.

APMC 98-1 Survey

Only one verson of the survey was used to collect data from individuas attending

APMC 98-1. The st of instructions that combined text with graphics was used together with

° A copy of the survey is available from the author.
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the acquisition reform problematique™. The ingruction set was modified dightly from that used
in 1997 in an effort to expand the test for respondent understanding of trandtive propagation.
The survey form included a smple combination of problem dements, in problematique format,
to interpret immediately following written explanation of the graphica syntax. This provided us
with data about respondents ability to intuitively “seg’ dl the relationships being portrayed
when viewing a problematique. It dso provided us with an indication of the extent to which
ingtructions were actudly being read before answering questions about the acquisition reform
problematique.

The survey was administered during a scheduled class period to 124 attendeesin four
sections of APMC 98-1'. A total of 98 surveys were completed for aresponse rate of 79%.
The high rate of participation is attributed to conducting the survey during week two of APMC
98-1 and to the fact that it was on the officia class schedule.

Since one of the sections surveyed was comprised of senior military and civilian
personnd and another had an extremely low rate of participation, we tested the null hypothesis

that there was no gatisticaly sgnificant difference in performance among the four sectionsusing

19 A copy of the survey islocated at Appendix A-3.

1 APMC 98-1 was comprised of 370 attendees placed in 12 sections. The college
adminigration normaly assgns attendees to sections with a view toward baancing the mix of
military service, gender, and military rank or civilian grade. This gpproach results in groupings
that reflect a reasonable cross-section of the total population of each class and to a grest extent,
the mix of dl APMC attendees. There is one exception to this procedure. When the number of
senior grade attendees is large enough, the administration will place them in a separate section.
Thiswas the case with APMC 98- 1. One of the four sections surveyed was comprised of
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one-way ANOVA. The null hypothesis could not be rejected at the .05 leve of sgnificance (F
(3, 94) = 0.92), therefore we combined al responses for further analysis.

Respondents to the APMC 98- 1 survey repeated the relatively poor performance
encountered in phase one. The average percentage of correct answers among respondents to
the APMC 98- 1 survey was 48%. Scores ranged from a high of 91% to alow of 0%. Sixty-
nine percent of the 98 respondents scored 50% or less. Analysis of responses concerning the
three concepts that seemed most troublesome to previous respondents was conducted for
APMC 98-1. Therdative difficulty in understanding problematique syntax previoudy
encountered was aso repeated. The meaning and significance of cycles seemed easiest to grasp
followed by the concept of trangtive propagation, and the meaning given to spatid relationships.
The percentage of correct answers regarding cycles, trandtive propagation, and spatia

reaionshipsisshownin Table A1l

Table A11l. APMC 98-1: Percentage of Correct Answers

The meaning and significance of Number of questions:3x98=294
cycles Correct answers. 195

Percent correct: 66%
The concept of trangtive Number of questions;5x98=490
propagation Correct answers. 214

Percent correct: 44%
The meaning given to spatid Number of questions.8x98=784
relationships Correct answers. 200

Percent correct: 26%

military rank 06 and civilian grades GS15 or higher. All other sections were comprised
predominantly of military rank 05 and civilian grades GS 14 and lower.
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There were three questions pertaining to the meaning and sgnificance of cycles. These questions
were answered correctly 66% of the time. Five questions focused on the concept of
trangtive propagation. Respondents answered these questions correctly 44% of thetime. The
eight questions pertaining to spatid relationships faired even worse. Respondents answered
these questions correctly only 26% of the time. Once again, respondents did significantly better
when answering questions about cycles than trangtive propagation (t (194) = 5.31, p < .001)
and the meaning given to spatid relationships (t (194) = 10.64, p < .001). Responses to
questions about trandtive propagation were also Sgnificantly better than responses to questions
about spatia relationships (t (194) = 4.78, p < .001).
Discussion of Phase Two Resuts
Phase two built upon findings from phase one. It involved development, testing, and use

of revised survey ingruments during 1997 and 1998. Random sampling and inferentid Statistical
analysis was used to the extent practicable. Phase one survey insruments were revised in
severd ways.

Firg, aset of new written ingtructions expanded on the concepts we found most frequently

misunderstood among phase one participants. trangtive propagation, the interpretation of

cycles, and the relevance of spatid relationships. Graphics were added to help readers

visualize key concepts prior to seeing a problematique for the first time.
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Second, the multiple-choice and openended questions were combined in one survey
instrument and severd questions were added in an effort to verify an individud’s
understanding of key concepts.

Third, we tested a new problematique involving problems characteristic of the systems
acquisition process.

We surveyed attendees at four APMC classes during 1997 and 1998. Data was
gathered from 201 individuals, 180 of whom had the benefit of written indructionsto ad in
undergtlanding the problemeatique presented to them. The results were not encouraging. We have
come to believe that mignterpretation of problematique format and logic by firg-time viewersis
a predictable phenomenon and we are not optimigtic that written instructions alone can
overcome the misinterpretations we have uncovered. Practitioners of the IM process may wish
to make use of written ingtructions prior to displaying a problematique for the first timein an IM
sesson. However, verba emphasis on correct interpretation of display syntax should become
part of stlandard IM session agendas. Writers of IM session after-action reports should aso
anticipate mignterpretation of a problematique by the mgority of individuas that did not
persondly participate in the IM session. Greeat care will likely be needed in briefing IM sesson
sponsors and other stakehol ders expected to take action as aresult of IM session
recommendations.

Condudons
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This sudy began with afairly smple goa—to discover barriersto the interpretation of
sructurd graphics and to seeif written ingtructions could overcome those barriers. We believe
the results of this research effort provide substantia evidence that the conceptua underpinnings
of the problematique are subject to predictable misnterpretation. Of greater import are the
reasons for this phenomenon. As we reflected upon the pattern of responses and narrative
comments made by survey respondents, we came to the following conclusons:

The participants in this study had no prior experience with the Interactive Management
process or its products, yet they took the information presented in the form of a
problematique at face vaue asif it were complete and vaid.
The concepts of cycles and trangtive propagation and the meaning to be given spatia
relationships were counterintuitive to this group of participants.
These participants were predisposed to reductive reasoning and emphasis on cauise and
effect as a principle mode of thought.
To the extent these conclusions are vdid, they provide cause for concern regarding effective
management of the DoD systems acquisition process. That processis lengthy and complicated.
It is subject to technica aswell as palitical perturbations. Both the process and its products are
socio-technicd in nature. As such, they are emergent, not mechanigtic in behavior. Taking
management action based on a paradigm of determinism invites repeated failuresin program

execution and aterrible waste of nationa resources.
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The following questions are intended to help us determine how prior knowledge
concerning interpretive structural models may impact your responses to survey questions. Please
be sure to answer each question.

1. Process Knowledge: How familiar are you with the group deliberation process known as
| nteractive Management?

a | know nothing about the process

b. I know something about the process, but would not fed

comfortable trying to explain it to someonedse

c. | think I could explain how the process works, after a brief

refresher

d. | can explain how the processworksright now

2. Product Knowledge: How familiar are you with the products produced through the group
deliberative process known as Interactive Management?

a | know nothing about the products

b. I know something about the products, but would not fed

comfortable trying to explain them to someone else

c. | think I could explain what the products are, after a brief

refresher

d. | can explain what the productsareright now

3. Training: Briefly describe any training you may have had with the Interactive Management
process and/or its products.

4. Experience: Briefly describe any experience you may have had with the Interactive
Management process and/or its products.
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| mportant!

Please do not discussthe following infor mation with anyone
else. We aredigributing different forms of the survey instrument
to different individuals. Helping someone else answer ther set of
questionswill destroy the validity of the survey. Thank you for
your cooper ation.
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Thank you for agreeing to help usin our efforts to increase the usefulness of the
graphicd display you are about to see. Y our answers to the questions contained in this survey
will ad usin identifying ways to make future displays esser to understand.

Thissurvey is part of an ongoing effort to increase the usefulness of certain graphica
displays intended to ad in the management of complex socio-technologica Stuations. The
generd class of graphicd display under study isthe Interpretive Structurd Modd (I1SM). This
particular survey indrument focuses on an interpretive structural model known asthe
problematique. Before proceeding to the survey itsdlf, we ask that you read the following
material concerning the purpose of the problematique, the process by whichit is developed, and
some important clues to understanding what it means and does not mean.

Interpretive structurd models are intended to aid in the understanding of complexity by
presenting relationshipsin graphica form. The intent isto enable viewers to grasp the essence of
the Stuation more quickly than would be possble if the relationships were to be described in
one or more paragraphs of text. The problematique is one form of interpretive structural mode!.
It isthe result of a group deliberative process aimed at problem definition. Other interpretive
sructurd models are developed during follow-on sessons aimed at identification of dterndive
solutions to the problem, sdection of the preferred dternative, and development of an
implementation plan. The ISM products developed during such sessions have been given the
names option field, priority structure, and resolution structure to reflect their purpose.

The group ddliberative process has been given the name Interactive Management (1IM).
The IM process and its products are an outgrowth of the work of Dr. John N. Warfidd, a
pioneer in the fidd of managing complexity through systems design. The process, products, and
scientific foundations have been well documented in the many publications of Dr. Warfidd and
his colleagues. In essence, the IM process systemeati zes human and computer interaction in ways
that free individuasto think creetively and intuitively by relieving them of process management
and documentation requirements. These activities are performed by atrained facilitator and his
or her support staff. Thus, the participantsin an IM session can concentrate on content issues
while avoiding the distraction of process management responsibility.

The problematique is developed during an IM session in atwo-phase process. The firg
phase dicits participant ideas in response to a “trigger question” posed by the sesson’s
sponsor. A typicd trigger question takes the following form: “What are the criticd factorswhich
inhibit the ability to meet objective X7’ Participants are not limited to the number of ideas they
record. Each ideais recorded, numbered for tracking purposes, and discussed to insure
understanding. The first phase concludes with each participant selecting ideas that merit
immediate further processing. The second phase of problematique development involves a pair-
wise comparison of thisset of ideas to establish their relationships. The comparison ismadein
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regponse to a* generic question” which might teke the following form: “ In the context of
improving the ability to meet objective X, does dement A significantly increase the severity of
eement B?' In this case, the elements being compared would be those ideas which the
participants consdered important enough to merit immediate follow-up. An example of a
problematique is shown below. We have used nonsensicd statements in this example to help
you focus on format rather than content.

The Problematique

Abcd efg
hijklmno (4,
Increases the severity of ! @
—> *Abcdefgh
ijklmnopgrstu
izt s
Abcdefghi Imnopqrst 22) —
kI mnopqg uvwxyzabed - Abcd/efghijkl
rstuvw (14) efghi (35) —— =] +Abcde fghijk Im =] mnopq (3)
. nopgrstuvwx
Abcdefg yzabcdefghij
hijkimnopg
2) kImnopq rstu (6)
*Abcdefg hij
- kImnopars
Abcdefghi tuvwxyz abed (10)
jklmnopq Abcdefgh
rst p| ijkimn
uvwxyzab opgrstuvw
cdefg (8) xyzab (9)

Prior research has shown that most English speeking readers will automaticaly begin
“reading” visud materid from left to right and from top to bottom. They may even experience
noticeable menta discomfort when forced to follow alogic that unfolds in the opposite direction.
This natura tendency can lead to erroneous presumptions about the meaning of informationin a
visud display. Please keep the following in mind when studying this problematique and the one
you are about to be shown:

A problematique depicts dements of a Stuation and propagating relationships among them.
The concept of propagation is often described as follows. If A impacts B, and if B impacts
C, then A dso impacts C.

Elements are contained within boxes.

The arrow indicates the relationship.

Bulletized e ements within the same box are interrel ated.

The numbers in parentheses indicate the sequence in which eements were presented by the
workshop participants. They are retained for tracking purposes and have no other
connoteation.

Elements on the | eft are not necessarily the cause of eements to the right.

Theleft-most eements are not necessarily root causes of the Situation.
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Thelayout of a problematique results from efforts to minimize line-crossings. Thereisno
intended suggestion regarding priority or duration of effort to resolve the Stuation portrayed.
The thickness of lines and the Size of boxes are not intended to suggest relative importance
among the eements shown.

The following pages contain questions regarding the problematique you are about to
see. Please answer the questions to the best of your ability. Providing an explanation of the
reasoning behind your sdlection of an answer, when requested, will be most beneficia in our
efforts to make Interactive Management products more user friendly. Thanks for your help.

| mportant!
Please do not discuss the forgoing information with anyone dse. We are didtributing

different forms of the survey ingrument to different individuas. Helping someone e se answver
their set of questions will destroy the vdidity of the survey. Thank you for your cooperation.



This problematique depicts some of the elementsidentified during a series of IM workshop sessions aimed at
reducing hydraulic pump rejection rates. The elements shown below were among those considered most
critical by the participants in response to the trigger question and were structured in response to the generic question.

B

Inlet oil

temperature |

variation
(11)

Trigger Question: What elements are
causing rejects on the pump test machine?

A

F

Out of
calibration
machine
(25)

Faulty
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sensing
equipment
(20)

Generic Question: Does
problem A contribute

to the severity of
problem B?

*Piston bore
wear (4)

«Contamina 1
-tion (8)

D

Poorly
seated stroke
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control valve
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*Valveleaks,
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Low pump
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Please answer the following questions based solely on you own interpretation of the information
being displayed. Explaining why you picked your answer is very important to our
research.

1. Thedementsin Box C are best attacked (choose one):
a Sequentidly
b. In Pardld
c. Makes No Difference
d. None of the above
Please explain the reason for your answer

2. The dlement in Box G appearsto be (choose one):
a A Fundamenta Problem
b. An Intermediate Problem
c. A Symptom, Not a Cause
d. None of the above
Please explain the reason for your answer

3. Which dements should be addressed firs? The one(s) in (choose one):
a Box A
b. Box B
c.Box F
d. None of the above
Please explain the reason for your answer



4. Which group of elementswill take longer to resolve? Those in (choose one):
a BoxC
b. Box D
c. Neither
d. None of the above
Please explain the reason for you answer

5. Resolving dl the dementsin box C will completely diminate the impact of the dement in
(choose one):

a Box B

b. Box F

c. Neither

d. None of the above
Please explain the reason for your answer

72
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The following questions are intended to help us determine how prior knowledge
concerning interpretive structural models may impact your responses to survey questions. Please
be sure to answer each question.

1. Process Knowledge: How familiar are you with the group deliberation process known as
| nteractive Management?

a | know nothing about the process

b. 1 know something about the process, but would not fedl

comfortable trying to explain it to someonedse

c. | think I could explain how the process works, after a brief

refresher

d. | can explain how the processworksright now

2. Product Knowledge: How familiar are you with the products produced through the group
deliberative process known as Interactive Management?

a | know nothing about the products

b. I know something about the products, but would not fed

comfortable trying to explain them to someoneedlse

c. | think I could explain what the products are, after a brief

refresher

d. | can explain what the productsareright now

3. Training: Briefly describe any training you may have had with the Interactive Management
process and/or its products.

4. Experience: Briefly describe any experience you may have had with the Interactive
Management process and/or its products.
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| mportant!

Please do not discussthe following infor mation with anyone
else. We aredistributing different forms of the survey instrument
to different individuals. Helping someone else answer their set of
questionswill destroy the validity of the survey. Thank you for
your cooper ation.
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Thank you for agreeing to help usin our efforts to increase the usefulness of the
graphica display you are about to see. Y our answers to the questions contained in this survey
will ad usin identifying ways to make future displays esser to understand.

Thissurvey is part of an ongoing effort to increase the usefulness of certain graphica
displaysintended to aid in the management of complex socio-technologica Stuations. The
generd class of graphicd display under study isthe Interpretive Structurd Modd (I1SM). This
particular survey instrument focuses on an interpretive structural mode known asthe
problematique. Before proceeding to the survey itself, we ask that you read the following
material concerning the purpose of the problematique, the process by whichit is developed, and
some important clues to undergtanding what it means and does not mean.

Interpretive structural modd s are intended to ad in the understanding of complexity by
presenting relationshipsin graphica form. The intent isto enable viewers to grasp the essence of
the stuation more quickly than would be possible if the relationships were to be described in
one or more paragraphs of text. The problematique is one form of interpretive structura mode!.
It isthe result of a group deliberative process amed at problem definition. Other interpretive
sructurd models are developed during follow-on sessions aimed at identification of dternative
solutions to the problem, sdection of the preferred dternative, and development of an
implementation plan. The ISM products developed during such sessons have been given the
names option field, priority structure, and resolution structure to reflect their purpose.

The group ddliberative process has been given the name Interactive Management (1IM).
The IM process and its products are an outgrowth of the work of Dr. John N. Warfield, a
pioneer in the fidd of managing complexity through systems design. The process, products, and
scientific foundations have been well documented in the many publications of Dr. Warfidd and
his colleagues. In essence, the IM process systematizes human and computer interaction in ways
that free individuasto think creetively and intuitively by relieving them of process management
and documentation requirements. These activities are performed by atrained facilitator and his
or her support staff. Thus, the participantsin an IIM session can concentrate on content issues
while avoiding the distraction of process management responsibility.

The problematique is developed during an IM session in atwo- phase process. The first
phase dicits participant ideas in response to a “trigger question” posed by the sesson’s
sponsor. A typicd trigger question takes the following form: “What are the criticd factorswhich
inhibit the ability to meet objective X7’ Participants are not limited to the number of ideas they
record. Each ideais recorded, numbered for tracking purposes, and discussed to insure
understanding. The first phase concludes with each participant selecting ideas that merit
immediate further processing. The second phase of problematique development involves a pair-
wise comparison of thisset of ideas to establish their reationships. The comparison ismadein
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regponse to a* generic question” which might teke the following form: “ In the context of
improving the ability to meet objective X, does dement A sgnificantly increase the severity of
edement B? Inthis case, the dements being compared would be those ideas which the
participants consdered important enough to merit immediate follow-up. An example of a
problematique is shown below. We have used nonsengca statementsin this example to help
you focus on format rather than content.

The Problematique
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. nopgrstuvwx
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Abcdefghi tuvwxyz abed (10)
jklmnopq Abcdefgh
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uvwxyzab opgrstuvw
cdefg (8) xyzab (9)

Prior research has shown that most English speeking readers will automaticaly begin
“reading” visua materid from left to right and from top to bottom. They may even experience
noticeable menta discomfort when forced to follow alogic that unfoldsin the opposite direction.
This natura tendency can lead to erroneous presumptions about the meaning of information in a
visud display. Please keep the following in mind when studying this problematique and the one
you are about to be shown:

A problematique depicts dements of a Stuation and propagating relationships among them.
The concept of propagation is often described asfollows. If A impacts B, and if B impacts
C, then A dsoimpacts C.

Elements are contained within boxes.

The arrow indicates the relationship.

Bulletized e ements within the same box are interrel ated.

The numbersin parentheses indicate the sequence in which eements were presented by the
workshop participants. They are retained for tracking purposes and have no other
connoteation.

Elements on the | eft are not necessarily the cause of eements to the right.

Theleft-most eements are not necessarily root causes of the Stuation.
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The layout of a problematique results from efforts to minimize line-crossings. Thereisno
intended suggestion regarding priority or duration of effort to resolve the Stuation portrayed.
The thickness of lines and the size of boxes are not intended to suggest relative importance
among the e ements shown.

The following pages contain questions regarding the problematique you are about to
see. Please answer the questions to the best of your ability. Providing an explanation of the
reasoning behind your selection of an answer, when requested, will be most beneficia in our
efforts to make Interactive Management products more user friendly. Thanks for your help.

| mportant!
Pease do not discuss the forgoing information with anyone else. We are distributing

different forms of the survey ingrument to different individuas. Helping someone e se answver
their set of questions will destroy the vdidity of the survey. Thank you for your cooperation.



This problematique depicts some of the elementsidentified during a series of IM workshop sessions aimed at
reducing hydraulic pump rejection rates. The elements shown below were among those considered most
critical by the participants in response to the trigger question and were structured in response to the generic question.
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Please provide brief answersto the following questions based solely on your own interpretation
of the information being displayed.

1. What is the meaning of the relationships portrayed by the arrow?

2. What is the managerid implication, if any, when multiple dements occupy the same box?
What isthe basis for your concluson?

3. How would resolution of eements on the left impact those to their right?

4. Which dement(s) do you fed should be addressed first and why? (use the parenthetica
numbers to indicate which eement(s) you are choosing)

5. Which eement(s) do you fed will require more effort to resolve and why? (use the
parenthetica numbers to indicate which dement(s) you are choosing)

6. Given what you see displayed before you, what do you fed isthe next gppropriate step or
steps to take in resolving the Situation portrayed?
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|nter pretive Structural
Models

The Problematique

APMC 98-1

This survey is part of an ongoing effort to increase the
usefulness of certain graphical displaysintended to aid in
the management of complexity.

It will take about 45 minutes of your time.

Participation is voluntary.

Thanks for your help.
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SURVEY INTRODUCTION

This survey has been scheduled to collect research data on the interpretation of graphic aids
used to display complex information. This effort isa DSMC faculty research project (CFR-03:
Enhancing Graphics as Aids to Education). Research results will benefit educationd efforts at
DSMC and program management activitiesin the fidld. Your participation is strongly
encouraged, but completely voluntary.

Part of management training and education includes the use of tools and techniques designed to
focus attention on the essentids. One st of tools that you may or may not know of are called
Interpretive Sructural Models. These models are designed to present the essentid ingredients
of acomplex problem in a structured and visua way so that we can better see what facesus as
we decide what action to take. Although these models have been used successfully here &
DSMC and dsewhere in the federd government, experience indicates that one of the modds
may be subject to misinterpretation when seen for the firgt time. Our research isaimed at trying
to understand how to minimize this misunderstanding.

The survey packet you will receive contains the following items:
- Questions concerning your prior knowledge of these models.
Educationd material concerning the process used to develop the Interpretive Structura
Mode called the Problematique.
Instructions on how to interpret the problematique.
An example of a problematique developed in support of acquisition reform.
A st of 16 questions concerning your independent interpretation of that problematique.

Part of our research is concerned with the interplay of the Myers-Briggs Type Indicator
preference scores and interpretation of the problematique. We will ask that you give us your
permission to access the MBTI data that will be archived in the Managerid Development
Department database.

Be assured that any personal data we collect will be grouped together so that nothing about you

will ever be made public. The vdidity of our research findings will rest on the tota number of
responses we receive, not on individua entries.

PLEASE DO NOT TURN THE PAGE UNTIL INSTRUCTED TO DO SO.



The following questions are intended to help us determine how prior knowledge concerning
interpretive structural models may impact your responses to this survey. Please be sure to
answer each question now.

1. Process Knowledge: How familiar are you with the group deliberation process known as
| nteractive Management?

a | know nothing about the process

b. 1 know something about the process, but would not fedl

comfortable trying to explain it to someonedse

c. | think I could explain how the process works, after a brief

refresher

d. | can explain how the processworksright now

2. Product Knowledge: How familiar are you with the products produced through the group
deliberative process known as Interactive Management?

a | know nothing about the products

b. I know something about the products, but would not fed

comfortable trying to explain them to someoneelse

c. | think I could explain what the products are, after abrief

refresher

d. I can explain what the productsareright now

3. Training: Briefly describe any training you may have had with the Interactive Management
process and/or its products.

4. Experience: Briefly describe any experience you may have had with the Interactive
Management process and/or its products.
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Thissurvey is part of an ongoing effort to increase the usefulness of certain graphica
displays intended to ad in the management of complexity. The generd class of display under
study isthe Interpretive Structurd Mode (1SM). These modes help viewers quickly grasp the
essentia aspects of a complex stuation. The models are developed during a group ddliberative
process that has been given the name Interactive Management (IM).

The survey instrument you are now reading focuses on an interpretive structura model
cdled a problematique. The problematique isintended to facilitete problem definition. It is
often the first modd to be developed in the IM process. Other interpretive structural models are
amed a identification of aternative solutions to the problem, sdection of the preferred
dternative, and development of an implementation plan. Those IM products have been given the
names option field, priority structure, and resolution structure to reflect their purpose.

Before proceeding to the survey itsdlf, we ask that you read the following materia
concerning the process by which the problematique is developed and some important cluesto
understanding what it means and does not mean.

The Development Process

The problematique is developed during an IM session in a two- phase process. During
the first phase, participants, selected for their technical knowledge or interest in the problem
under review, respond to atrigger question posed by the session’s sponsor. A typica trigger
question takes the following form:

“What are the critica factors which inhibit the
ability to meet objective X7’

Participants are not limited in the number of responses they generate. The intent isto avoid
premature closure by encouraging open didogue and suppressing individudized agendas. Each
response is recorded, numbered for tracking purposes, and discussed to assure understanding.
Past experience suggests that hundreds of responses can be generated during this phase of an
IM session. Thefirgt phase concludes with each participant selecting five factors that merit
immediate further processing. There tends to be very little duplication in this selection process.
Thus, the tota number of items to be analyzed depends upon the number of participants.

The second phase of problematique development involves a pair-wise comparison of
thisinitid set of responses to establish their rdationship with each other. The comparison is
madein response to a generic question, aso sdected by the session’ s sponsor, which might
take the following form:
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“ In the context of improving the ability to meet
objective X, does dement A sgnificantly increase
the severity of dement B?’

A second and third set of factors may be sdected for incluson in the pair-wise comparison
depending upon the time available and the group’ s desire to expand the resulting modd. Past
experience suggests that one to three iterations is sufficient to identify those problem eements
that the group fed's are sufficiently important enough to warrant immediate attention. Thus, the
resulting problematique displays some, but not all, e ements impacting the problem under
consderation. In addition, the problematique displaysonly one form of reaionship among those
elements--the one considered most critical by the sponsor of the IM session. By way of

anaogy, think of a problematique as a snapshot. What we see reflects what the photographer
thought was important. We do not know what was missed when the camera shutter went click!

An example of a problematique is shown below and is followed by some hintsto help
you interpret its meaning. We have used nonsensca statements in this example to help you
focus on the modd’ slogic and format. Under standing the meaning of the model does not
require knowledge of its content.

The Problematique

Abcd efg

hijkl 4
Increases the severi ty of fikimno (4)
— «Abcdefgh
ijkImnopqrstu
- bcdef ghijk
“Abcdefghijk o WXy za

Abcdefghi Imnopgqrst (22)
jkl mnopq | UVWXyzabed Abcd/efghijkl
rstuvw (14) efghi (35) ————— = .Abcde fghijk Im mnopq (3)
nopgrstuvwx
hijkl yzabcdefghij
('ZJ) mnopd kimnopq rstu (6)

*Abcdefg hij
N klmnopqrs
Abcdefghl tuvwxyz abcd (10)
jkimnopq Abcdefgh
rst ijklmn

uvwxyzab opgrstuvw
cdefg (8) xyzab (9)

*Abcdefg

TheMeaning of Structure

Prior research has shown that most English speeking readers will automaticaly begin
“reading” visud materid from left to right and from top to bottom. They may even experience
noticesble menta  discomfort when forced to follow alogic that unfolds in the opposite
direction. This natura tendency can lead to erroneous presumptions about the meaning of
information in avisud diglay.
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1. The basic building blocks of the problematique are:

a The boxes that contain problem eements. The Size and shape of each box have no
sgnificance:

dement
A

b. Thearrow shows the direction of the relationship being portrayed. That relationship
isone of influence, not causdity:

“aggravates’

¢. When two or more problem e ements influence each other, they are bulletized and
placed within the same box to smplify the problematique s display. Such acombination of
edementsiscaled acycle:

dement X

means that dement X dement Y

dement Y

The dementsin acyde must be addressed collectively if their influence on each other and on
any other dementsis to be resolved effectively.

2. The rdlaionship that is portrayed in a problematique is both trangtive and propageting. The
concept of propagation isrelatively clear. It means that the negative impact grows as one moves
aong the path indicated by arrows connecting problem dements. The digplay below indicates
that the problem dement F is more severe due to the negative influence of dement E which, in
turn, is more severe due to the negative influence of dement D.
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The concept of transitivity is best portrayed by the following display snce, in atrangtive
relationship, if ement E were to be completdly resolved, dement F would gtill be negatively
influenced by dement D.

Given the foregoing guidance for understanding the meaning and logic of a problematique, look
at the example presented below and try to picture what it really means. After you have given it

som[ thougt, turn to the next page and compare the display you find there with theimagein

yourjmind's pye
M \

aggravates




When you have a picture of the relationshipsin mind, place a check mark here and turn
the page.

90
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M \

i

agoavas 0

Thisiswhat the structure of the problematique on the previous page means.

Was this what you pictured in your mind’s eye? YES NO

If you answered NO, which links did you miss?

MtoP
M toN
Mto O
N toP
NtoO
OtoN
OtoP

What the structure does not contain

Keep in mind that the purpose of a problematique is to display, as smply as possible,
the interrelationships found in complex problems.

1. A problematique shows only one relationship among the e ements of the problem dthough it
is the rdationship which is believed to make matters worse. The dements that are included are
only those that the group feds important enough to merit immediate attention. There may be
additiona dements that the group has not identified, even though hundreds of eements may
have been generated during the idea generating phase of the Interactive Management session.
We don’'t know from looking at the problematique where those other e ements would be placed
if put to the pair-wise comparison test.
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2. Neither do we know which problem e ements should be addressed first nor how long any of
them might take to resolve since those questions are not addressed in the process used to
develop a problematique. While there is some logic to attributing greeter influence to eements
on the left as opposed to those on their right, such an assumption must be trested as a
hypothesis subject to verification. Likewise, while it may be logicd to assume that ementsto
the right in a problematique may have more factors influencing them than e ementsto therr Ieft,
thereis no bags for any assumption concerning the length of time it will take to resolve them. In
other words, based on the problematique aone, one might hypothesize, but cannot conclude
that the leftmost dements deserve some higher priority of attention and that rightmost eements
will take longer to resolve. Such hypotheses requiire further investigation.

3. Findly, the numbers in parentheses following each eement indicate the sequence in which
elements were presented by the workshop participants. They are retained for tracking purposes
only and have no other connotation. While alower number would indicate that an idea came to
mind earlier in an IM session, past experience suggests that such ideas may not be fundamenta
to the problem stuation. In other words, the IM  process facilitates uncovering factors that may
be critica to problem definition and resolution, but eesily overlooked under aless rigorous
structuring process. The problematique with its focus on problem definition is only the first
step in the process required to resolve truly complex problems.

The following pages contain questions regarding a problematique that has influenced the
course of acquisition reform. A clear understanding of its meaning may help you to better grasp
the intent of policy changes currently being implemented within the federa government. Please
answer the questions we pose to the best of your ability. Providing an explanation of the
reasoning behind your sdection of an answer, when requested, will be most beneficia in our
efforts to make Interactive Management products more user friendly.

Thanks for your help.
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Problematique displaying negative influences among
selected acquisition process problem categories

Statutory/
Regulato
in(falguence;y (6) P! Industrial «Contract
> Base (18) —> requirements
development (2)
. . *Cost &
i Fund! e *Technical Schedule
instability (5) Program . .
Inter- requirements estimates (7)
Testand i o [%| manager | management (4) »
Evaluation |, «Executive national authority (1) *Program Transition
(13) decision & factors *Risk management execution (15)  |—p»| Management
policy ® (17) _ (12)
makers (16) *Oversight (20)
Credibility (19)
Inadequacy *Oversight (20)
of program
*DAB-DRB
process (3) team (11)
sLong-range
planning (9)
*User Negatively Influences
support (10)
—>
slmmutable
(14
Source: Alberts (1995)
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Please provide brief answers to the following questions based solely on your own interpretation
of the problematique being displayed.

1. T orF__ Thisproblematique containsfour cycles.

2. T___orF__ Theproblem categories Funding Instability (5) and Executive Decison &
Policy Makers (16) must be trested collectively if their negative influenceisto be aleviated.

3. Which of the following problem categories should be addressed first? (choose one)
a Test and evduation (13)
b. Inadequacy of program team (11)
c. Trandtion management (12)
d. None of the above

Please explain the reason for your answer:

4. Which of the following dements will take longer to resolve? (choose one)
a Funding ingability (5) and Executive decison & policy
makers (16)
b. Technicd requirements management(4), Risk management
(17), Credibility (19), and Oversight (20)
c. Test and evauation (13)
d. None of the above

Please explain the reason for your answer:
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5. Resolving Technica requirements management(4), Risk management (17), Credibility (19),
and Overdight (20)will completely diminate the impact of? (choose one)

a. Program manager authority (1)

b. Inadequacy of program team (11)

c. Indudtrial base (18)

d. None of the above

Please explain the reason for your answer:

6. The cycle that conssts of DAB-DRB Process (3), Long-range planning (9), User support
(20), and Immutable [problems](14) negatively influences Internationd factors (8), which in turn
negatively influences Program manager authority (1).
| srongly agree
| agree somewhat
| have no opinion
| somewhat disagree
| srongly disagree

Pease explain the reason for your opinion:

7. The problem category Statutory/Regulatory Influences (6) is one of the primary causes for
the problem category Industria Base (18).
| srongly agree
| agree somewhat
| have no opinion
| somewhat disagree
| srongly disagree
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Pease explain the reason for your opinion:

8. This problematique proves that reducing Oversight (20) will improve the acquisition process.
| srongly agree

| agree somewhat

| have no opinion

| somewhat disagree

| strongly disagree

Please explain the reason for your opinion:

9. The best way to resolve problems with the acquisition processis to Sart with Trangtion
management (12) and work back toward Test and Evduation (13) to find and fix the
fundamental causes.
| srongly agree
| agree somewhat
| have no opinion
| somewhat disagree
| srongly disagree

Pease explain the reason for your opinion:

10. How would you rate the display you have been viewing as a briefing aid to support
discussions with your boss?

Extremdy useful

Very ussful

| have no opinion

Not very useful

Totdly usdess

Please explain the reason for you opinion:
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11. What is the meaning of the relationships portrayed by the arrow?

12. What is the managerid implication, if any, when multiple  ements occupy the same box.?
What isthe basis for your concluson?

13. How would resolution of eements on the left impact those to their right?

14. Which eemeni(s) do you fed should be addressed first and why? (use the parenthetica
numbers to indicate which eement(s) you are choosing)

15. Which dement(s) do you fed will require more effort to resolve and why? (use the
parenthetical numbers to indicate which ement(s) you are choosing)

16. Given what you see in the problematique, what do you fed is the next gppropriate step or
gepsto take in resolving the Stuation portrayed?
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Appendix B

Managerial Assumptions about the Nature of Complexity
Overview

This study focused on participant opinions regarding the nature of complexity.
John N. Warfield (1998) identified a series of assumptions he believes people make about
the nature of complexity. He feels these assumptions interfere with the effective
management of large-scale problematic situations to such a degree that he has labeled
them as “killer assumptions.” Warfield also identified a series of demands that
complexity places on management. The demands of complexity are the antithesis of the
killer assumptions. The purpose of this research effort was to assess how widely each, if
any, of the killer assumptions might be held among individual s responsible for managing
the acquisition and life-cycle support of national defense systems. This study included
over 100 highly schooled engineering- and management-oriented acquisition
professionals associated with a course in systems acquisition management at the Defense
Systems Management College (DSMC) and was completed in December 1998.

Analysis of responses to questionnaires revealed significant optimism among both
course attendees and faculty regarding human learning powers regardless of the scale of
the learning task and considerable belief that complexity isintrinsic to a system under
observation. The results indicate a pressing need to train managers to respect the demands
of complexity. Fulfilling this need will be difficult so long as academicians continue to

overestimate human cognitive ability to contend with large-scale problematic situations.
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Statement of the Problem
Defense system acquisition involves the interaction of multiple organizations,
both public and private, as well as multiple functions within those programs. Defense
system acquisition programs cost American taxpayers billions of dollars each year and
are frequently beset with large-scale problematic situations. Failure to recognize the
unique requirements for dealing with complexity when faced with such situations often
leads to unanticipated outcomes that further complicate matters within both the public
and private sectors.
Background
John N. Warfield (1998) identified a series of assumptions he believes people

make about the nature of complexity. He feels these assumptions interfere with the
effective management of large-scale problematic situations to such a degree that he has
labeled them as “killer assumptions.” Warfield identified seven attributes of a killer
assumption. They are listed below:

Its impact is widespread.

It [imits the capacity of people to perform in problematic situations.

It diminishes significantly the quality of what people produce in problematic

Stuations.

It is held on a grand scale by very large numbers of people.

It works against its corrective replacements whenever and wherever they are

proposed in regard to complexity.
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It is given status by its continuance as part of what is propagated in academic

ingtitutions, whose offerings are mostly indifferent to the demands of complexity.

It isusually valid in normal situations, but it has no validity when complexity is

involved.
Warfield aso identified a series of demands that complexity places on management. The
demands of complexity are the antithesis of the killer assumptions.*

Research Question
The purpose of this study was to assess how widely each, if any, of the killer
assumptions might be held among individuals responsible for managing the acquisition
and life-cycle support of national defense systems. Results of such an assessment should
help focus the attention of academicians and practitioners on the need to respect the
demands of complexity when managing the problematic situations encountered during
the system acquisition process.
Research Design
A research design based on ron-random purposive sampling techniques was

adopted in an effort to obtain a sufficient number of survey responses from which to draw
useful information. Self-administered questionnaires were used to gather data. Nor-
parametric statistical analysis as suggested by Siegel & Castellan (1988) was selected as
the most appropriate procedure for analyzing the data. Use of nonrandom purposive
sampling techniques permit us to describe what was discovered, but not to state

generalizable conclusions concerning the associations or patterns uncovered. This

1 A list of killer assumptions and demands of complexity are at appendix B-1.
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restriction was deemed acceptable since participant demographics generally reflect the
composition of the U. S. defense acquisition workforce.

Research Participants

Participants included highly schooled engineering- and management-oriented
acquisition professional's associated with the Advanced Program Management Course
(APMC), an intensive 14 week course in systems acquisition management presented by
the Defense Systems Management College (DSMC) located at Fort Belvoir, VA. The
college is considered to be the premier center for learning about the Department of
Defense systems acquisition process. Successful completion of the course is considered
essential for selection as a program manager of a major defense system acquisition
program. These individuals represent a group of public and private sector decision
makers faced with managing the acquisition and life cycle support of U.S. Department of
Defense (DoD) systems costing American taxpayers billions of dollars. Virtualy all
survey respondents had four or more years of college education. Most held undergraduate
and higher degrees in an engineering or business discipline. Many had severa year's
experience in the field of systems acquisition management before coming to DSMC.
These individuals and the society they serve would benefit greatly from an understanding
of the demands of complexity.

Research Method

A set of four questionnaires was used to gather comparative data from one group
of faculty and three groups of course attendees. Seventeen questions were posed in each
instrument. Each question required the respondent to choose between a statement

expressing one of Warfield s killer assumptions and another statement expressing its
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antithetical demand of complexity. Questions and statements within questions were
reordered in three of the four instruments to minimize response bias.? Respondents were
also asked to indicate how strongly they felt about their choices. One hundred thirteen
responses were obtained from 28 faculty and 85 course attendees.
Results

Analysis of the data focused on three areas concerning killer assumptions:
frequency of selection; strength of opinion concerning choices; and, patternsin individual
responses.

Freguency of Selection

A listing of all 17 killer assumption statements, in descending order of selection is
shown below. The percentages shown parenthetically before each statement reflect the
proportion of individuals choosing the killer assumption from among those individuals
who answered that particular question. The number in brackets following each statement
indicates the order in which the particular question concerning complexity appeared in
the first version of the questionnaire. This same number is retained throughout this
appendix for purposes of identification and continuity.

(61.6%) Complexity and Learning: Human learning powers are independent of the
scale of what is to be learned. [2]
(46.3%) The Site of Complexity: The site of complexity isin the system being

observed. [1]

2 A copy of the first questionnaire used is at appendix B-2. Copies of the other three
versions are available from the author.
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(44.3%) Complexity and Executive Capacity: The executive has the intellectual
capacity to comprehend: [17]

All of the factors that are relevant to an executive decision.

How the various factors are interrelated in a problematic situation.

What alternatives are relevant when it is time to make a choice.

How to prioritize the alternatives.

At what time action should be initiated.
(43.5%) Complexity and Linguistic Infrastructure: Natural language is adequate to
represent complexity. [13]
(36.5%) Complexity and Representational Infrastructure: Representation of
complexity through metaphors related to common quantitative formalisms from
physical sciences is strongly contributory to the resolution of complexity. [10]
(29.8%) Complexity and Workplace Infrastructure: There is no reason to provide any
special infrastructure at work to deal with complexity. [14]
(22.9%) Complexity and the Quality of Linguistic Infrastructure: Academics should
be free to call any subject that they choose a “science” with no institutionally-
established requirements and standards for linguistic quality control. [16]
(22.9%) Complexity and Spatial Infrastructure: There is no need to alocate space

specificaly for the purpose of portraying complexity. [12]
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(22.8%) Complexity and Formalism I nfrastructure: The extent of valid application of
common quantitative formalisms from physical sciences into socio-technical arenasis
very large, and can be organized so that it is almost automatic. [11]

(21.3%) Complexity and Group Process Design: Normal processes are sufficient to
enable description and diagnosis of problematic situations involving high complexity.
[6]

(21.2%) Complexity and Scientific Infrastructure: It is appropriate to discuss science
and technology as though there are no essential distinctions between them. [15]
(16.8%) Complexity and Process Design: There is no need for empirical evidence to
justify assumptions of relevance when designing processes to support resolution of
complexity. [4]

(15.4%) Complexity and the Integration of Knowledge: Simple amalgamation of
disciplines will relieve disciplinary shortcomings in considering comprehensive
domains. [8]

(13.7%) Complexity and Types of Relationships: There is seldom any reason to give
the choice of types of relationships that are to be used in studies the same level of
effort and depth of selectivity that are given to the elements that will be related (e.g.
in model development). [9]

(11.2%) Complexity and Behavioral Research Findings: The findings from behavioral
science about individuals, groups, and organizations are too “soft” to have a major

role in the management of organizations. [7]
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(5.4%) Complexity and Sources of Information: If information comes from a
“prestigious’ source, it need not be questioned. [5]
(2.7%) Complexity and History: In high-technology environments of today, learning

from history is largely irrelevant to organizational decision making. [3]

Table B1 displays the number of respondents choosing each alternative as well as
the number of times respondents did not make a choice. The number in brackets indicates
the order of presentation in the first questionnaire. That same numbering scheme is used

throughout this paper for purposes of identification and continuity.

Table B1. The Choices Made About Complexity

The choices made by 113 respondents Killer neither | Demand of
about Complexity and — Assumption | answer | Complexity
Learning [2] 69 1 43
The site of complexity [1] 50 5 58
Executive capacity [17] 47 5 61
Linguistic infrastructure [13] 47 7 59
Representatioral infrastructure [10] 38 9 67
Workplace infrastructure [14] 31 9 73
The quality of linguistic infrastructure [16] 24 8 81
Spatial infrastructure [12] 24 8 81
Formalism infrastructure [11] 23 12 78
Group process design [6] 23 5 85
Scientific infrastructure [15] 22 9 82
Process design [4] 18 6 89
The integration of knowledge [8] 16 9 38
Types of relationships [9] 14 10 89
Behavioral research findings [7] 12 6 95
Sources of information [5] 6 1 106
History [3] 3 1 109
Totals 466 111 1344
Percentages 24.3% 5.8% 69.9%
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Respondents chose statements concerning the demands of complexity over those
expressing Warfield' s killer assumptions most of the time. However, killer assumption
statements were chosen, on average, amost 25% of the time, indicating that their
potential role in the mismanagement of problematic situations is not trivial.

Figure B1 graphically displays the percentage of respondents choosing between a

killer assumption statement and its antithetical demands of complexity statement.

Question Numbers

0% 20% 40% 60% 80% 100%
| Killer Assumptions Demands of Complexity |

Figure B1. Percentage of Respondents Choosing Between Killer Assumptions
and Demands of Complexity Statements

Figure B1 shows that some of the killer assumptions appealed to far more respondents
than others. For example, four of the 17 killer assumption gatements were picked by over

40% of the respondents. One of those appealed to more than 60% of the individuals able
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to make a choice between the two alternatives. Seven of the remaining thirteen killer
assumptions were chosen by 20% to 40% of the respondents. Only two of 17 killer
assumptions were selected by less than 10% of the respondents.

Figure B2 displays the total number of killer assumption statements chosen by

individual respondents. Totals ranged from a low of zero to a high of 14.

Number of Respondents Choosing Killer Assumption Statements

25

20

15

Number of Respondents

0 M M M

01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17
Total Number of Killer Assumption Statements Chosen

Figure B2. Total Number of Killer Assumption Statements Chosen by
Respondents

The most frequent number of killer assumption statements chosen by any one respondent

was three. The average number chosen was four. We then compared the number of killer
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assumptions chosen by faculty versus the number chosen by attendees. The results are

displayed in Figure B3.

Number of Faculty and Course Attendees Choosing Killer
Assumption Statements

Number of Respondents
IN]

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Total Number of Killer Assumption Statements Chosen

|3 Faculty (N = 28) B Attendees (N = 85)]

Figure B3. Number of Killer Assumptions Statements Chosen
By Acquisition Professionals

Our anaysis showed that the most frequent number of killer assumption statements
chosen by faculty was three. The maximum number of killer assumptions chosen by any
one faculty member was six. The most frequent number chosen by course attendees was
five and the maximum number of statements chosen was 14. Choices made among killer
assumptions by faculty and attendees were then compared. The differences are displayed

in Figure B4.
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Percentage of Faculty and Course Attendees Choosing Each Killer
Assumption

70%

60%

50% 1

40%

30%

20% 1

10% 1

0% +
(2] [1] [17] [13] [10] [14] [16] [12] [6] [11] [15] [4] [8] [9] [7] [S] [3]

Killer Assumption Statement Number

|3 Faculty (N = 28) @ Attendees (N = 85)|

Figure B4. Percentage of Acquisition Professionals
Choosing Each Killer Assumption Statement

Our analysis showed that the faculty did not select all 17 killer assumption statements and
that the percentage of faculty choosing a killer assumption statement was aways lower
than the APMC attendee percentage. These differences are encouraging. However, over
60% of both faculty and attendees agreed with the killer assumption statement that
human learning powers are independent of the scale of what isto be learned [2]. The high
selection rate may be due to the research being conducted at an educational institution,
but it does raise a danger signal that overconfidence in human cognitive ability may be a
significant barrier to successful management of complexity. Failure among faculty to

recognize the demands of complexity relative to learning could lead to insufficient
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emphasis on the subject during curriculum design. Failure among course attendees to
recognize that individuals cannot resolve complexity simply by thinking about it or
addressing it in unorganized group discussions could lead to repeated failures when they
encounter problematic situations back on the job.

Strength of Opinion about Choices

Our second area of analysis attempted to identify how strongly the respondents
felt about their choices among killer assumptions and the demands of complexity.
Analysis of all respondents’ opinions about their choices disclosed that 30% or more held
strong opinions about their selection of the four most frequently picked killer
assumptions. The breakout of opinions for those four are shown in figures B5 through
B8. Similar displays for the other 13 choices are contained in Appendix B-3. When
reviewing the displays, keep in mind that participants had been asked to indicate the
strength of opinion about their choices using the following Likert-type scale:

4 = Extremely strongly
3 =Very strongly

2 = Somewhat strongly
1= Not at al strongly

We assigned a negative sign to opinions about killer assumption choices to indicate the

impact on problem resolution.
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Figure B5 shows the strength of opinions held about responses to the following
dichotomy:
Killer Assumptions: Human learning powers are independent of the scale of what is
to be learned. (Chosen by 69 respondents.)
Demands of Complexity: Individuals cannot resolve complexity simply by thinking

about it or discussing it in unorganized group conversations. (Chosen by 43

Complexity and Learning [2]

Strength of Opinion
Among 113 Respondents
24%
20%
0, 0
1206 13% 13%
9%
5%
3%
1%
— 1
I I I I I I I I
-4 -3 -2 -1 0 1 2 3 4
Killer Assumption Versus Demands of Complexity
respondents.)

Figure B5. Strength of Opinion about Complexity and Learning

The display indicates that 12% of 113 respondents chose the killer assumption statement,

but did not feel at all strongly about that choice. Twenty four percent felt somewhat
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strongly about their choice. Twenty percent felt very strongly, while 5% felt extremely
strongly about their choice of the killer assumption statement. Conversely, nine percent
of the 113 respondents selected the demands of complexity statement, but did not feel at
all strongly about that choice. Twenty six percent were split equally between a somewhat
and avery strongly felt opinion. Only three percent felt extremely strongly about their

choice. The reader in asimilar fashion should interpret figures B6, B7, and B8.
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Figure B6 displays respondents’ strength of opinion about the following dichotomy:
Killer Assumption: The site of complexity isin the system being observed. (Chosen
by 50 respondents.)

Demands of Complexity: The complexity of a situation is distribute among
many minds (Chosen by 58 respondents.)

Figure B6. Strength of Opinion about the Site of Complexity

The Site of Complexity [1]

Strength of Opinion
Among 113 Respondents
19% 20%
16%
10%
4%

2% 1%
] o
T T T T T T T T
-4 -3 -2 -1 0 1 2 3 4

Killer Assumption Versus Demands of Complexity
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Figure B7 displays strengths of opinion about the following dichotomy:
Killer Assumption (Chosen by 47 respondents): The executive has the intellectual
capacity to comprehend:
All of the factors that are relevant to an executive decision.
How the various factors are interrelated in a problematic situation.
What aternatives are relevant when it is time to make a choice.
How to prioritize the aternatives.
At what time action should be initiated.
Demands of Complexity: Complexity demands that organizations accept the

inevitability of executive inadequacy to resolve complexity, as an inherent property of

every human being. (Chosen by 61 respondents.)
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Complexity and Executive Capacity [17]

Strength of Opinion
Among 113 Respondents
17%
15% 14% 15% 14%
8% 8%
4% I o5
1 2
Killer Assumption Versus Demands of Complexity

Figure B7. Strength of Opinion about Complexity and Executive Capacity
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Figure B8 displays respondents’ strength of opinion about the following dichotomy:

Killer Assumptions. Natural language is adequate to represent complexity. (Chosen
by 47 respondents.)

Demands of Complexity: The inadequacy of natural language (e.g. linearity) must be
recognized; graphical nonlinear logic must be widely adopted in the domain of

complexity to help overcome that inadequacy. (Chosen by 59 respordents.)

Complexity and Linguistic Infrastructure [13]

Strength of Opinion
Among 113 Respondents
19%
17% ]
13% 13% 0
12% 12%
8%
6%
0%
I I I I I I I I
-4 -3 -2 -1 0 1 2 3 4
Killer Assumption Versus Demands of Complexity

Figure B8. Strength of Opinion about Complexity and Linguistic Infrastructure
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We also compared strength of opinion about the four most frequently chosen
killer assumption statements among DSMC faculty and APMC attendees. The results are

displayed in Figure BO.

Strength of Opinion About the Four Most Frequently Chosen
Killer Assumptions

36% 35%

29%

23% 24%

0
19% 17%

12%

[2] [1] [17] [13]

Killer Assumption Number

|D Faculty Attendees|

Figure B9. Acquisition Professiona’ s Strength of Opinion About the
Four Most Frequently Chosen Killer Assumption Statements

The percentages shown in Figure B9 are best understood as follows. If all 28 faculty felt
extremely strongly about a killer assumption statement, that statement would have
received a maximum score of 112 (4 x 28 = 112). The actua sum of all scores for killer
assumption number two [2] among the faculty was 40, which when divided by 112 is

equal to 36%. The maximum possible score attributable to any killer assumption
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statement by course attendees was 340 (4 x 85 = 340). The actual sum of all scores for
killer assumption number two [2] among the course attendees was 120, which when
divided by 340 was equal to 35%. The other percentages were calculated in like fashion.
Normalizing the strength of opinion scores in this fashion provided insight to differences
in faculty and APMC attendee opinions about the four most frequently chosen killer
assumption statements.

As Figure B9 indicates, both faculty and course attendees felt about the same
concerning killer assumption statement [2] that human learning powers are independent
of the scale of what isto be learned. Faculty strength of opinion concerning killer
assumption statement [1] that the site of complexity is in the system being observed was
not as strong as the course attendees’ strength of opinion. There was quite a bit of
difference between faculty and attendee opinion concerning killer assumption statement
[17] regarding the intellectual capacity of executives. Faculty strength of opinion
concerning killer assumption statement [13] that natural language is adequate to represent
complexity was also somewhat |ess than the attendees’ strength of opinion. When viewed
from another perspective, faculty strength of opinion concerning the site of complexity
[1] and natural language [13] was about half as strong as their opinion about human
learning power [2] and belief in the intellectual capacity of executives [17] was about one
third as strong. Course attendee strength of opinions about all four statements were much

closer together in degree.
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Our third area of analysis focused on patterns among respondents’ choices. We

looked for paired choices of killer assumption statements. Not surprisingly, we found that

most pairings occurred among the four most frequently chosen statements. Figure B10

shows how 113 respondents paired the four most frequently chosen killer assumptions.

We also compared pairings of the four killer assumptions by faculty and course attendees.

The results of our analysis are shown in Table B2.

Table B2. Proportion of Faculty and Course Attendees Pairing Each of the Four Most
Frequently Chosen Killer Assumption Statements.

Paired Statements % of Faculty % of Course Attendees
[2] and [1] 25% 32%
[2] and [13] 18% 32%
[2] and [17] 14% 29%
[13] and [17] 14% 27%
[13] and [1] 7% 24%
[17] and [1] 7% 27%
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Figure B10. Four Most Frequently Paired Killer Assumptions
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Discussion

This study was aimed at identifying which, if any, of Warfield's 17 killer
assumptions might be widely held among individuals responsible for management of
large-scale problematic situations. The participants in this effort represent a group of
extremely dedicated and well-educated federal government employees responsible for
managing the acquisition and life cycle support of national defense systems costing
billions of taxpayer dollars. That task is often subject to enormous political and economic
pressures that compound and confound what is aready a significantly challenging
systems management activity. To underestimate the demands of complexity in such
situations is tantamount to an open invitation for failure.

The results of this study indicate that quite a few participants did lack an
appreciation for the demands of complexity, thus lending support for Warfield's
hypothesis concerning the extent to which the killer assumptions underlie the
mismanagement of problematic situations. Forty percent or more of the respondents
chose the same four killer assumption statements--the essence of which suggest that
resolution of large-scale problems presents no unique chalenge. The two most
frequently combined killer assumptions were that complexity is in the system being
observed and that human learning powers are independent of what is to be learned. This
isworrisome as it indicates that overcoming cognitive barriers to the management of
problematic situations will be a daunting task. Conversely, strength of opinions held
about the other 13 killer assumptions was not very high. Perhaps, there will be less

resistance to changing opinions regarding the demands of complexity in those areas.
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It was also encouraging to find that faculty were not as likely to choose killer
assumption statements as were the course attendees. However, it would be unwise to
discount the importance of Warfield' s hypothesis that educational institutions fail to
prepare students to deal adequately with the demands of complexity (Warfield, 1997.)
Thisis particularly so given the apparent level of faculty confidence in human cognitive
abilities. Over 60% of the faculty participants in this study agreed with the statement that
human learning powers are independent of the scale of what isto be learned. Yet, thereis
abundant evidence in scholarly literature and the popular press to argue against
overconfidence in humanity’s ability to satisfactorily resolve large-scale socio-technical
problems. The inability of the human mind to process more than a few bits of information
simultaneously iswell known (Miller, 1956; Simon, 1974; Warfield, 1988). The resulting
tendency is to under-conceptualize complexity, thereby avoiding cognitive overload.

Conclusions

Analysis of responses to questionnaires revealed a substantial lack of awareness
concerning the nature of complexity. Over 60% of the APMC attendees and faculty
agreed with the statement that human learning powers are independent of the scale of
what is to be learned. Three other killer assumptions were favored by 40% or more of the
participants. Fifteen of the killer assumption statements were chosen by more than 10%
of the respondents. These results indicate a pressing need to train acquisition
professionals to respect the demands of complexity, yet fulfilling this need will be
difficult so long as academicians and practitioners continue to overestimate human

cognitive ability to contend with large-scale problematic situations.
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Appendix B-1

Killer Assumptions and their Antithetical Demands of Complexity

Killer Assumptions

Demands of Complexity

The site of complexity isin the system
being observed. [1]

The complexity of a situation is
distributed among many minds.

Human learning powers are independent
of the scale of what is to be learned. [2]

Individual s cannot resolve compl exity
simply by thinking about it or discussing
it in unorganized group conversation.

In high-technology environments of
today, learning from history is largely
irrelevant to organizational decision
making. [3]

The lessons of history must be recognized
and incorporated in learning Situations.

There is no need for empirical evidence to
justify assumptions of relevance when
designing processes to support resolution
of complexity. [4]

Scientifically respectable evidence must
be applied in designing processes to
support resolution of complexity.

If information comes from a * prestigious”
source, it need not be questioned. [5]

The authority of “prestigious institutions’
must be tested against the scientific base
that ought to be provided to support that
authority.

Normal processes are sufficient to enable
description and diagnosis of problematic
situations involving high complexity. [6]

The design of group processes must suit
the character of complexity, rather than
simply using conventional processes or
allowing NO process design.

The findings from behaviora science
about individuals, groups, and
organizations are too “soft” to have a
major role in the management of
organizations. [7]

Linkages between thought leaders from
the past and practices invoked in
organizations must be widely understood,
and taken into account in s&lf-regulation
of human behavior.

Simple amalgamationof disciplines will
relieve disciplinary shortcomingsin
considering comprehensive domains. [8]

Interdisciplinary programs must be
designed to meet complexity’s demands
for learning efficacy.
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Killer Assumptions

Demands of Complexity

There is seldom any reason to give the
choice of types of relationships that are to
be used in studies the same level of effort
and depth of selectivity that are given to
the elements that will be related (e.g. in
model development). [9]

In problematic situations, the choice of
relationships to be applied shall have as
much prominence in the thinking of
practitioners as does the choice of
elements that are to be related.

Representation of complexity through
metaphors related to common quantitative
formalisms from physical sciencesis
strongly contributory to the resolution of
complexity. [10]

Complexity demands portrayal of the
logic underlying the problematic situation.

The extent of valid application of
common quantitative formalisms from
physical sciences into socio-technical
arenasis very large, and can be organized
so that it is amost automatic. [11]

Advocacy of unvalidated metaphors of
formalisms from physical science must be
tempered; justification and empirical
evidence must be provided to support
such advocacy.

There is no need to allocate space
specificaly for the purpose of portraying
complexity. [12]

Complexity demands that workspace
allocation be designed especialy to
facilitate human learning.

Natural language is adequate to represent
complexity. [13]

The inadequacy of natural languages (e.g.,
linearity) must be recognized; graphical
nonlinear logic must be widely adopted in
the domains of complexity to help
overcome that inadequacy.

There is no reason to provide any special
infrastructure at work to deal with
complexity. [14]

A workplace infrastructure dedicated to
resolving complexity would satisfy a
major demand of complexity.

It is appropriate to discuss science and
technology as though there are no
essentia distinctions between them. [15]

Complexity demands that technology used
to help resolve problematic situations
shall have been founded in science, and
not just imposed by highly vocal
advocates.
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Killer Assumptions Demands of Complexity

Academics should be free to call any The word “science’” must be restricted to
subject that they choose a “science” with | those fields in which archival history,
no institutionally-established requirements | established laws, adequate empirical

and standards for linguistic quality eviderce, and adequate metrics have been

control. [16] established to form a science.

The executive has the intellectual capacity | Complexity demands that organizations

to comprehend: accept the inevitability of executive

- All of the factors that are relevant to inadequacy to resolve complexity, asan
an executive decision. inherent property of every human being.

How the various factors are
interrelated in a problematic situation.
What alternatives are relevant when it
is time to make a choice.

How to prioritize the alternatives.

At what time action should be
initiated. [17]
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Appendix B-2

A Survey About The Nature Of Complexity

We are trying to find out what people think about the nature of complexity. Please take a

few minutes to respond to the following questions. Thank s for your help.
* * * * * * * * * * * *

1.a. The site of complexity: (choose only one)
(1) The site of complexity isin the system being observed.
___ (2) The complexity of asituation is distributed among many minds.
1.b. How strongly do youfeel about your choice? (circle a number)
4 3 2 1

R — R ER—
Extremely strongly Very strongly Somewhat strongly  Not at al strongly

1.c. Comments?

2.a. Complexity and learning: (choose only one)
(1) Human learning powers are independent of the scale of what is to be learned.

(2) Individuals cannot resolve complexity simply by thinking about it or
discussing it in unorganized group conversation.

2.b. How strongly do you feel about your choice? (circle a number)
4 3 2 1

R — R — R —
Extremely strongly Very strongly Somewhat strongly ~ Not at all strongly

2¢c. Comments?

3.a. Complexity and history: (choose only one)
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(2) In high-technology environments of today, learning from history is largely
irrelevant to organizational decision making.

(2) The lessons of history must be recognized and incorporated in learning
situations.

3.b. How strongly do you feel about your choice? (circle a number)
4 3 2 1

R — R — O —
Extremely strongly Very strongly Somewhat strongly  Not at all strongly

3.c. Comments?

4.a. Complexity and the process design: (choose only one)

(1) Thereis no need for empirical evidence to justify assumptions of relevance
when designing processes to support resolution of complexity.

(2) Scientifically respectable evidence must be applied in designing processes to
support resolution of complexity.

4.b. How strongly do you feel about your choice? (circle a number)

4 3 2 1

R —— T R —
Extremely strongly Very strongly Somewhat strongly  Not at all strongly

4.c. Comments?

5.a. Complexity and sources of information: (choose only one)
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(2) If information comes from a “prestigious’ source, it need not be questioned.

(2) The authority of “prestigious institutiors” must be tested against the scientific
base that ought to be provided to support that authority.

5.b. How strongly do you feel about your choice? (circle a number)
4 3 2 1

P —— . T —

Extremely strongly Very strongly Somewhat strongly ~ Not at all strongly

5.c. Comments?

6.a. Complexity and group process designs. (choose only one)

(1) Normal processes are sufficient to enable description and diagnosis of
problematic situations involving high complexity.

(2) The design of group processes must suit the character of complexity, rather
than ssimply using conventional processes or allowing NO process design.

6.b. How strongly do you feel about your choice? (circle a number)
4 3 2 1

R — R I —
Extremely strongly Very strongly Somewhat strongly  Not at all strongly

6.c. Comments?

7.a. Complexity and behavioral research findings: (choose only one)
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(1) The findings from behavioral science about individuals, groups, and
organizations are too “soft” to have a mgjor role in the management of organizations.

(2) Linkages between thought leaders from the past and practices invoked in
organizations must be widely understood, and taken into account in self-regulation of
human behavior.

7.b. How strongly do you feel about your choice? (circle a number)
4 3 2 1

R — R I —
Extremely strongly Very strongly Somewhat strongly  Not at all strongly

7.c. Comments?

8.a. Complexity and the integration of knowledge: (choose only one)

(1) Simple amalgamation of disciplines will relieve disciplinary shortcomingsin
considering comprehensive domains.

(2) Interdisciplinary programs must be designed to meet complexity’s demands for
learning efficacy.

8.b. How strongly do you feel about your choice? (circle a number)

Extremely strongly Very strongly Somewhat strongly  Not at all strongly

8.c. Comments?

9.a. Complexity and types of relationships: (choose only one)
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(1) There is seldom any reason to give the choice of types of relationships that are
to be used in studies the same level of effort and depth of selectivity that are given to the
elements that will be related (e.g. in model devel opment).

(2) In problematic situations, the choice of relationships to be applied shall have as
much prominence in the thinking of practitioners as does the choice of elements that are
to be related.

9.b. How strongly do you feel about your choice? (circle a number)

4 3 2 1

R —— N — R ——
Extremely strongly Very strongly Somewhat strongly ~ Not at all strongly

9.c. Comments?

10.a. Complexity and representational infrastructure: (choose only one)

(1) Representation of complexity through metaphors related to common
quantitative formalisms from physical sciencesis strongly contributory to the resolution
of complexity.

(2) Complexity demands portrayal of the logic underlying the problematic
stuation.

10.b. How strongly do you feel about your choice? (circle a number)
4 3 2 1

R — T E—
Extremely strongly Very strongly Somewhat strongly  Not at all strongly

10.c. Comments?

11.a. Complexity and formalism infrastructures: (choose only one)



130

(1) The extent of valid application of common quantitative formalisms from
physical sciences into socio-technical arenas is very large, and can be organized so that it
isamost automatic.

(2) Advocacy of unvalidated metaphors of formalisms from physical science must
be tempered; justification and empirical evidence must be provided to support such

advocacy.
11.b. How strongly do you fedl about your choice? (circle a number)

4 3 2 1

R —— N — R ——
Extremely strongly Very strongly Somewhat strongly ~ Not at all strongly

11.c. Comments?

12.a. Complexity and spatial infrastructure: (choose only one)

(1) Thereis no need to alocate space specifically for the purpose of portraying
complexity.

(2) Complexity demands that workspace allocation be designed especialy to
facilitate human learning.

12.b. How strongly do you fedl about your choice? (circle a number)
4 3 2 1

R —— oo R —
Extremely strongly Very strongly Somewhat strongly  Not at all strongly

12.c. Comments?

13.a. Complexity and linguistic infrastructure: (choose only one)
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(1) Natura language is adequate to represent complexity.

(2) The inadequacy of natura languages (e.g., linearity) must be recognized;
graphical nonlinear logic must be widely adopted in the domains of complexity to help
overcome that inadequacy.

13.b. How strongly do you feel about your choice? (circle a number)
4 3 2 1

R — R — R —
Extremely strongly Very strongly Somewhat strongly  Not at al strongly

13.c. Comments?

14.a. Complexity and workplace infrastructure: (choose only one)

(1) Thereis no reason to provide any special infrastructure at work to deal with
complexity.

(2) A workplace infrastructure dedicated to resolving complexity would satisfy a
major demand of complexity.

14.b. How strongly do you feel about your choice? (circle a number)

4 3 2 1

R —— N — O ——
Extremely strongly Very strongly Somewhat strongly  Not at all strongly

14.c. Comments?

15.a. Complexity and scientific infrastructure: (choose only one)
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(2) It is appropriate to discuss science and technology as though there are no
essentia distinctions between them.

(2) Complexity demands that technology used to help resolve problematic
situatiors shall have been founded in science, and not just imposed by highly vocal
advocates.

15.b. How strongly do you feel about your choice? (circle a number)
4 3 2 1

R — R I —
Extremely strongly Very strongly Somewhat strongly  Not at all strongly

15. c. Comments?

16.a. Complexity and the quality of linguistic infrastructure: (choose only one)

(1) Academics should be free to call any subject that they choose a “science” with
no ingtitutionally-established requirements and standards for linguistic quality control.

(2) The word “science” must be restricted to those fields in which archival history,
established laws, adequate empirical evidence, and adequate metrics have been
established to form a science.

16.b. How strongly do you feel about your choice? (circle a number)
4 3 2 1

P e —

Extremely strongly Very strongly Somewhat strongly ~ Not at all strongly

16. c. Comments?

17.a. Complexity and executive capacity: (choose only one)
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(1) The executive has the intellectual capacity to comprehend:

- All of the factors that are relevant to an executive decision.
How the various factors are interrelated in a problematic situation.
What aternatives are relevant when it is time to make a choice.
How to prioritize the alternatives.

At what time action should be initiated.

(2) Complexity demands that organizations accept the inevitability of executive
inadequacy to resolve complexity, as an inherent property of every human being.

17.b. How strongly do you fedl about your choice? (circle a number)
4 3 2 1

R —— oo R —
Extremely strongly Very strongly Somewhat strongly  Not at all strongly

17. c. Comments?
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Appendix B-3

Opinions about Choices

Respondents were asked to indicate how strongly they felt about their choices using the
following Likert-type scale:

4 = Extremely strongly

3 = Somewhat strongly

2 =Very strongly

1= Not at all strongly
We assigned negative values to support for killer assumptions and positive values to
support for demands of complexity. Each display is preceded by the dichotomy presented
to the participants. The number in brackets is the order in which the choice was presented

in the first questionnaire. It is used throughout this paper for the sake of continuity.
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Complexity and Representational Infrastructure [10]:

Killer Assumption: Representation of complexity through metaphors related to
common guantitative formalisms from physical sciencesis strongly cortributory to
the resolution of complexity. (Chosen by 38 respondents.)

Demands of Complexity: Complexity demands portrayal of the logic underlying the

problematic situation. (Chosen by 67 respondents.)

Complexity and Representational Infrastructure [10]

Strength of Opinion

Among 113 Respondents
24%
18%
0
12% 14%
10% % 8%

3% 3%
’—I T T T T T T T T ’—I
-4 -3 -2 -1 0 1 2 3 4
Killer Assumption Versus Demands of Complexity

Figure B11. Strength of Opinion about Complexity and Representational Infrastructure
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Killer Assumption: There is no reason to provide any special infrastructure at work to

deal with complexity. (Chosen by 31 respondents.)
Demands of Complexity: A workplace infrastructure dedicated to resolving

complexity would satisfy a major demand of complexity. (Chosen by 73

respondents.)
Complexity and Workplace Infrastucture [14]
Strength of Opinion
Among 113 Respondents
27%
20%
12% 12%
8% 8%
5% 5%

2%

-

T T T T T T T T
-4 -3 -2 -1 0 1 2 3 4
Killer Assumption Versus Demands of Complexity

Figure B12. Strength of Opinion about Complexity and Workplace Infrastructure
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Killer Assumption: Academics should be free to call any subject that they choose a

“science” with no ingtitutionally-established requirements and standards for linguistic

control. (Chosen by 24 respondents)

Demands of Complexity: The word “science” must be restricted to those fields in

which archival history, established laws, adequate empirical evidence, and adequate

metrics have been established to form a science. (Chosen by 81 respondents.)

Complexity and the Quality of Linguistic Infrastructure [16]

Strength of Opinion
Among 113 Respondents
25%
0
18% 16%
13%

9% 7%
4% 4% 4%
’—| I I I I I I I I
-4 -3 -2 -1 0 1 2 3 4

Killer Assumption Versus Demands of Complexity

Figure B13. Strength of Opinion about Complexity and the Quality of Linguistic

Infrastructure
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Killer Assumption: There is no need to allocate space specificaly for the purpose of

portraying complexity. (Chosen by 24 respondents.)

Demands of Complexity: Complexity demands that workspace allocation be designed

especially to facilitate human learning. (Chosen by 81 respondents.)

Complexity and Spatial Infrastucture [12]

Strength of Opinion
Among 113 Respondents
27%
21%
14%
0,
11% i %
6% 7%
4%
0%
T T T T T T T T
-4 -3 -2 -1 0 1 2 3 4
Killer Assumption Versus Demands of Complexity

Figure B14. Strength of Opinion about Complexity and Spatial Infrastructure
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Complexity and Formalism Infrastructure [11]:

Killer Assumption: The extent of valid application of common quantitative
formalisms from physical sciences into socio-technical arenasis very large, and can
be organized so that it is almost automatic. (Chosen by 23 respondents.)

Demands of Complexity: Advocacy of unvalidated metaphors of formalisms from
physical science must be tempered; justification and empirical evidence must be

provided to support such advocacy. (Chosen by 78 respondents.)

Complexity and Formalism Infrastucture [11]

Strength of Opinion
Among 113 Respondents

22% 22%

19%

11%  11%

6% 5%
1% 3%
= [ | | | | | |
-4 -3 -2 -1 0 1 2 3 4
Killer Assumption Versus Demands of Complexity

Figure B 15. Strength of Opinion about Complexity and Formalism Infrastructure
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Complexity and Group Process Design [6]:

Killer Assumption: Normal processes are sufficient to enable description and
diagnosis of problematic situations involving high complexity. (Chosen by 23
respondents.)

Demands of Complexity: The design of group processes must suit the character of
complexity, rather than ssimply using conventional processes or allowing NO process

design. (Chosen by 85 respondents.)

Complexity and Group Process Design [6]

Strength of Opinion
Among 113 Respondents
28%
20%
18%
12%
9%
4% 4% 4%

0%

-4 -3 -2 -1 0 1 2 3 4

Killer Assumption Versus Demands of Complexity

Figure B16. Strength of Opinion about Complexity and Group Process Design



Complexity and Scientific Infrastructure [15]:
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Killer Assumption: It is appropriate to discuss science and technology as though there

are no essential distinctions between them. (Chosen by 22 respondents.)
Demands of Complexity: Complexity demands that technology used to help resolv
problematic situations shall have been founded in science, and not just imposed by

highly vocal advocates. (Chosen by 82 respondents.)

Complexity and Scientific Infrastucture [15]

e

Strength of Opinion
Among 113 Respondents
24%  24%
15%
0 0,
10% 8% 10%
4% 4%
1%
= I I I I I I I I
-4 -3 -2 -1 0 1 2 3 4
Killer Assumption Versus Demands of Complexity

Figure B17. Strength of Opinion about Complexity and Scientific Infrastructure
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Complexity and Process Design [4]:

Killer Assumption: There is no need for empirical evidence to justify assumptions of
relevance when designing processes to support resolution of complexity. (Chosen by
18 respondents.)

Demands of Complexity: Scientifically respectable evidence must be applied in

designing processes to support resolution of complexity. (Chosen by 89 respondents.)

Complexity and Process Design [4]

Strength of Opinion
Among 113 Respondents
30%
25%
14%
704 10%
° 5% 5%

1% 3%

= T T T T T T T
-4 -3 -2 -1 0 1 2 3 4

Killer Assumption Versus Demands of Complexity

Figure B18. Strength of Opinion about Complexity and Process Design
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Complexity and the Integration of Knowledge [8]:

Killer Assumption: Simple amalgamation of disciplines will relieve disciplinary
shortcomings in considering comprehensive domains. (Chosen by 16 respondents.)
Demands of Complexity: Interdisciplinary programs must be designed to meet

complexity’s demands for learning efficacy. (Chosen by 88 respondents.)

Complexity and the Integration of Knowledge [8]

Strength of Opinion
Among 113 Respondents
270
25% 2%
20%
8% 8% 6%
4%
19 2%
= I [ 1 I ’—| I I I I I I
-4 -3 -2 -1 0 1 2 3 4
Killer Assumption Versus Demands of Complexity

Figure B19. Strength of Opinion about Complexity and the Integration of Knowledge



Complexity and Types of Relationships [9]:

Killer Assumption: There is seldom any reason to give the choice of types of
relationships that are to be used in studies the same level of effort and depth of
selectivity that are given to the elements that will be related (e.g. in model

development.) (Chosen by 14 respondents.)
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Demands of Complexity: In problematic situations, the choice of relationships to be

applied shall have as much prominence in the thinking of practitioners as does the

choice of elements that are to be related. (Chosen by 89 respondents.)

Complexity and Types of Relationships[9]

Strength of Opinion
Among 113 Respondents
0
24% 26%
18%
10% 11%

7%
260 3% gy
[ —

I I I I I I I I
-4 -3 -2 -1 0 1 2 3 4
Killer Assumption Versus Demands of Complexity

Figure B20. Strength of Opinion about Complexity and Types of Relationships
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Complexity and Behavioral Research Findings[7]:

Killer Assumption: The findings from behaviora science about individuals, groups,
and organizations are too “soft” to have amagjor role in the management of
organizations. (Chosen by 12 respondents.)

Demands of Complexity: Linkages between thought |eaders from the past and
practices invoked in organizations must be widely understood, and taken into account

in self-regulation of human behavior. (Chosen by 95 respondents.)

Complexity and Behavioral Research Findings [7]

Strength of Opinion
Among 113 Respondents
33%
22%
19%
11%
5% 4% ot 5%
0% °
T em
-4 -3 -2 -1 0 1 3 4
Killer Assumption Versus Demands of Complexity

Figure B21. Strength of Opinion about Complexity and Behavioral Research Findings
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Complexity and Sources of Information[5]:

Killer Assumption: If information comes from a “prestigious’ source, it need not be
guestioned. (Chosen by 6 respondents.)

Demands of Complexity: The authority of “prestigious institutions’ must be tested
againgt the scientific base that ought to be provided to support that authority. (Chosen

by 106 respondents.)

Complexity and Sources of Information [5]

Strength of Opinion
Among 113 Respondents

3% 33%
19%
8%
2% 196 % 1%
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Killer Assumption Versus Demands of Complexity

Figure B22. Strength of Opinion about Complexity and Sources of Information



Complexity and History[3]:
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Killer Assumption: In high-technology environments of today, learning from history

islargely irrelevant to organizationa decision making. (Chosen by 3 respondents.)

Demands of Complexity: The lessons of history must be recognized and incorporated

in learning situations. (Chosenby 109 respondents.)

Complexity and History [3]

Strength of Opinion
Among 113 Respondents
48%
32%
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Killer Assumption Versus Demands of Complexity

Figure B23. Strength of Opinion about Complexity and History



Figure B8. Most Frequent Pairings

[2] Human learning powers are
independent of the scale of what isto be
learned.

34 pairings

22 pairings

[1] The site of complexity isin the system
being observed.

32 pairings
[13] Natural language is adequate to represent
complexity.
29 pairings 27 pairings
[17] The executive has the intellectual capacity to
comprehend:
25 pairings All of the factors that are relevant to an executive
decision.

How the various factors are interrdlated in a

problematic situation.
What alternatives are relevant when it istime to
make a choice.

How to prioritize the alternatives.
At what time action should be initiated.
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Appendix C

The Nature of Systems and Problem Solving
Overview
This study focused on obtaining participant opinions regarding the nature of

systems and problem solving. Results of two prior studies concerning complexity had led
us to wonder about participants’ perspective regarding systems theory. Those studies
involved over 700 highly schooled engineering- and management-oriented acquisition
professionals attending courses in systems acquisition management at the Defense
Systems Management College (DSMC) during the period January 1996 to December
1998. The curriculum of the systems acquisition management course they were attending
addressed both theory and practice in systems management tools and techniques, yet their
survey responses had often reflected a ssmplistic approach to problem solving. We
therefore determined that important insights about this phenomenon might be gained by
obtaining attendee responses to the following three open-ended questions:

What definition of “system” do you think is most useful?

How might “system behavior” be best understood?

What does “problem solving” involve?
Analysis of the responses to questionnaires administered during January 1999 disclosed a
predominantly Newtonian perspective among the participants. Two thirds of the
respondents felt that system behavior could be best understood through observation and

analysis. Almost the same proportion described a problem solving process that did not
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include getting feedback to determine if the chosen solution was working. Such an
approach may be appropriate for well-defined mechanistic systems, but is inappropriate
when attempting to manage acquisition programs characterized by non-deterministic
behavior.
Statement of the Problem

Results of the first two studies had led us to wonder about participants
perspective regarding systems theory. There is a growing body of literature in the field of
systems theory concerning the nonlinear and emergent characteristics of contemporary
socio-technical systems (Cambel 1993, De Greene 1993, Kiel 1994, and Waldrop 1992.)
The fact that these characteristics apply to defense systems has been recognized in such
acquisition approaches as pre-planned product improvement (Pl), evolutionary
acquisition, and spiral development. As previously stated, most survey participants held
undergraduate and graduate degrees in engineering or business management subjects.
The curriculum of the systems acquisition management course they were attending
addressed both theory and practice in systems management tools and techniques, yet
survey responses had often reflected a fairly simplistic approach to problem solving.

Research Question

This study focused on obtaining opinions regarding the nature of systems and
problem solving. We determined that important insights about this phenomenon might be
gained by obtaining attendee responses to the following three openended gquestions:

What definition of “system” do you think is most useful ?

How might “system behavior” be best understood?
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What does “problem solving” involve?
Research Design

A research design based on nortrandom purposive sampling techniques was
adopted in an effort to obtain a sufficient number of survey responses from which to draw
useful information. Self-administered questionnaires were used to gather subjective
responses to questions concerning the nature of systems and problem solving®. A
combination of non-parametric statistical analysis as suggested by Siegel & Castellan
(1988) and content analysis as described by Weber (1990) was selected as the most
appropriate set of procedures for analyzing this data. Content analysis procedures
described by Weber (1990) were used to analyze responses to the three questions. The
purpose of this analysis was to identify commonality among respondent’ s opinions
concerning the nature of systems and problem solving. Content analysis is an inductive
process. It is highly subjective, time consuming, and laborious. Content analysis
procedures require the investigator to develop an intimate relationship with the narratives
being analyzed in order to gain a sense of intended meaning from what is stated and the
context in which it is stated. The process requires the investigator to select a word or
phrase to accurately capture the central thought in each response. A count of these words
and phrases then provides input for a quantitative assessment of common ideas among all
respondents®. Use of non-random purposive sampling techniques permit us to describe

what was discovered, but not to state generalizable conclusions concerning the

L A copy of the questionnaire is located at appendix C-1.
2 Copies of responses to survey questions, annotated with assigned tag words, are
available from the author.
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associations or patterns uncovered. This restriction was deemed acceptable since
participant demographics generally reflect the composition of the Department of Defense
acquisition workforce.
Research Participants

Participants included highly schooled engineering- and management-oriented
acquisition professionals attending an Advanced Program Management Course (APMC),
an intensive 14 week course in systems acquisition management presented by the
Defense Systems Management College (DSMC) located at Fort Belvoir, VA. The college
is considered to be the premier center for learning about the U. S. Department of Defense
(DOD) systems acquisition process. Successful completion of the course is considered
essential for selection as a program manager of a major defense system acquisition
program. Attendees represent a group of public and private sector decision makers faced
with managing the acquisition and life cycle support of DoD systems costing American
taxpayers billions of dollars. Virtualy al survey respondents had four or more years of
college education. Most held undergraduate and higher degrees in an engineering or
business discipline. Many had several years of experience in the field of systems
acquisition management before coming to DSMC.

Research Method

A one-page questionnaire asked participants to answer three questions concerning

the nature of systems and problem solving. The three questions were:
What definition of “system” do you think is most useful ?

How might “system behavior” be best understood?
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What does “problem solving” involve?
A total of 360 questionnaires were distributed to acquisition professionals during
regularly scheduled class periods. A total of 305 completed surveys were returned for a
response rate of 85%.
Results

System Definitions

The first question on the survey asked respondents what definition of “system”
they thought was most useful. One hundred sixty three of the 305 respondents (53%)
described a system as being comprised of elements working together to perform a
function. Forty-two respondents (14%) described a system as a fully functional end item.
This second description fits what the acquisition manager is responsible for obtaining and
delivering to the war fighter. It connotes a combination of hardware and software
configured to perform a specified function. Both responses are in consonance with the
official definition of a major system contained in DOD 5000.2-R (23 March 1998). That
document details the mandatory procedures for major systems acquisition programs. The
definition reads, “A combination of elements that shall function together to produce the
capabilities required to fulfill a mission need, including hardware, equipment, software,
or any combination thereof....” (Section C. Definitions).

Sixteen respondents (5%) described a system as a transformational process rather
than a product of the acquisition program. The remaining responses (28%) did not readily

fit into convenient categories.
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Viewed from a different perspective, we found that only eighteen respordents
(6%) defined a system in terms of its environmental context. Conversely, 94% of the
respondents seemed to think of a system as a self-contained entity disassociated from its
surroundings. This was surprising since DoDD 5000.1 (15 March 1996) says the
following about defense systems acquisition programs:

Acquisition programs shall be managed to optimize total system performance and
minimize the cost of ownership. The total system includes not just the prime
mission equipment, but the people who operate and maintain the system; how
systems security procedures and practices are implemented; how the system
operatesin its intended operational environment and how the system will be able
to respond to any effects unique to that environment (such as Nuclear, Biological
and Chemical (NBC) or information warfare); how the system will be deployed to
this environment; the system’s compatibility, interoperability, and integration
with other systems; the operational and support infrastructure (including
Command, Control, Communications, Computers, and Intelligence (C*));
training and training devices; any data required by the system in order for it to
operate; and the system’ s potential impact on the environment and environmental
compliance. (Section D. Policy)

Understanding System Behavior

A second question also addressed the nature of systems. It asked how “system
behavior” might be best understood. The intent of the question was to determine the
extent to which respondents believed overall system performance could be measured. A
total of 206 out of 305 respondents (68%) indicated that system behavior could be best
understood through observation or analysis of performance. We interpreted these
responses as indicative of reductive reasoning typical of a mechanistic systems
perspective.

Twenty-five respondents (8%) defined what system behavior was rather than how

it should be measured. Another 25 indicated that they didn’t have an answer or didn’t



154

believe systems had behavior. The remaining responses (16%) did not readily fit into
convenient categories.

The Nature of Problem Solving

A fina question asked, what does *problem solving” involve. Virtually all
responses indicated that problem solving was a process. However, the description of the
process was very informative. Only 110 respondents (36%) described a process that
included obtaining feedback on the outcome of decisions. The other 64% described a
process that ended upon reaching the decision on actions to be taken to solve the problem
at hand.

Discussion

Taking the answers to al three survey questions into account left us with the
impression that respondents tended to view systems as discrete entities that could be
understood in toto through analysis and that the problem solving process focused more on
reaching a decision than insuring it was effective. There was no indication that systems
were viewed as evolutionary or emergent in nature or that the results of decisions might
not be readily observable.

Conclusions

These findings confirmed our suspicions that alarge group of defense acquisition
management personnel view systems from a Newtonian paradigm. Thisis an approach
that calls for analysis and control of observable outcomes and drives managerial attention

toward near-term time horizons. Such an approach may be appropriate for well-defined
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mechanistic systems, but is inappropriate when attempting to manage acquisition

programs characterized by nortlinear and non-reversible behavior.
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Appendix C-1

A QUESTIONNAIRE ABOUT SYSTEMSMANAGEMENT

Please take a few minutes to answer the following questions. If you can recall an
“authority” for any of your answers, please note it (them).

1. What definition of “system” do you think is most useful ?

2. What does “problem solving” involve?

3. How might “system behavior” be best understood?
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Appendix D

Correspondence from Dr. George Friedman to Dr. John Warfield



158

John Warfield, July 27, 1999
FAX: (703) 993-2996

Here is the material | promised you in this morning’s telecon:
a) The vu-graph that | plan to use in the USC seminar next month,
b) The ideas behind the vu-graph:

One of the most demanding tasks | had as Northrop’s chief technical officer was to
review the failures of new systems and technologies as they were going through their
final test phases. These failures were especially distressing since we felt we had applied
the best engineers and systems processes on these new programs.

The vast mgjority of the failures were due to two fundamental causes:

1) The construction and assembly of the components did not follow the engineers
specifications,

2) The models the engineers used to predict performance were incomplete; many of the
interactions were omitted, despite the presence of massive computer resources.

The second cause was more prevalent than the firgt.

This, in my mind, is yet another example of the dimensional limitations of our cognitive
equipment. We have the illusion that we can comprehend a complex problem in al the
necessary dimensions, but we are really limited to but a half dozen or so dimensions that
can be perceived simultaneoudly.

Based on the book, Richard Moore, Over 1000 Physics Formulae, College Lane
Publishers, 1984, | performed a simple study of the dimensionality of what is
representative of the first 3000 years of mankind’s quantitative modeling of the scientific
and engineering worlds. The result: Over 75% of these equations had a dimensionality
between 2 and 6. To inject alittle humor for my grad students, | unhumbly modified it to:

The Friedmanruleof s, p and €
Over plusor minusone s of al relations have adimensionality within p plus or minuse.

Philosophical question: Is the universe really so loosely coupled? Or, is this small
dimensionality due to the fact that the humans who developed the equations controlled
their experiments in accordance with their cognitive limitations? | think the latter.

Warmest regards,
George Friedman
Encino, CA
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